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CONDUCTIVITY OF MERCURY. 


By CAPTAIN JOHN ERICSSON. 


From ‘ Nature.” 


It was shown in a previous article* that 
solar intensity cannot be accurately ascer- 
tained by the thermoheliometer employed 
by Pere Secchi, owing, among other causes, 
to the imperfect conductivity of the mercury 
in the bulb exposed to the sun, Meteorolo- 
gists, however, do not generally accept the 
assumption that the conducting power of 
mercury is so imperfect as to affect materi- 
ally the correctness of the indication of 
mercurial thermometers, Deschanel being 
quoted in support of the opinion that mer- 
cury is not an imperfect conductor. We 
are reminded that Prof. Everett, in a recent 
translation of the works of the author men- 
tioned, assumes that the conductivity of 
quicksilver in the bulb of a thermometer is 
the same as a vessel “with thin metallic 
sides containing water which is stirred” (see 
Prof. Everett’s translation of ‘ Deschanel’s 
Natural Philosophy,” Part II., pp 245-387). 
The subject is so intimately connected with 
the determination of solar temperature and 
solar energy, that it has become indispensa- 
ble to settle the question by some thorough 
practical test. Accordingly an apparatus, 
represented by the accompanying illustra- 
tion has been constructed by the writer to 
ascertain the conductivity of mercury. Be- 
fore entering on a description, it will be in- 
structive to point out that the heat commu- 
nicated to the bulb of a thermometer by 





* See Magazine Vol. VI., p. 499. 
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| solar radiation is transmitted to its contents 
| chiefly by convection, hence that the altitude 
| of the sun during the observation influences 
|the accuracy of the indication. This will 
be readily comprehended. Fig. 2 repre- 
sents the bulb of a thermometer exposed to 
the rays when the sun’s zenith distance is 
65 deg.; Fig. 3 representing the bulb when 
the zenith distance is 18 deg. 23 min., the 
latter being the minimum at the observatory 
of the Roman College, where the thermo- 
heliometer has been long employed for the 
purpose of ascertaining the intensity of solar 
radiation. Referring to Fig. 2, it will be 
seen that the blank crescent, ce, whose vary- 
ing thickness indicates very nearly the 
amount of heat imparted at each point of 
the spherical surface presented towards the 
sun, occupies an almost vertical position. 
The mercury contained within the space in- 
dicated by the said crescent, having its spe- 
cific gravity reduced by the radiant heat, 
will ascend; while the mercury on the op- 
posite side, which retains its specific gravity, 
will descend; thus a circulation will be es- 
tablished by means of which the heat re- 
ceived from the sun will be gradually com- 
municated to the entire mass of mercury in 
the bulb. But, when the latter is exposed 
to the sun’s rays under a zenith distance of 
about 18 deg., as shown in Fig. 3, the heat- 
ed mass of mercury contained within the 
crescent, a, has so slight an inclination that 
scarcely any circulation takes place. Con- 
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sequently, if it can be shown practically 
that mercury is incapable of transmitting 
heat from particle to particle with sufficient 
velocity, it will be evident that thermome- 
ters and thermoheliometers with spherical 
bulbs are worthless as means of measuring 
the intensity of solar radiation. It will be 
perceived that if the bulb in Fig. 3 be sur- 
rounded by an enclosure, as in the thermo- 
heliometer, the mercury contained within 
the space indicated by the crescent, 4, will 





The nature of the illustrated apparatus 
constructed for the determination of the 


conductivity of mercury will be readily un- | polished. 








radiate far less heat towards such enclosure 
than the mercury within the opposite heated 
crescent, a. It will also be perceived that 
by increasing the size of the bulb, the trans- 
mission of heat from «@ to b will be retarded 
unless the conductivity of mercury be per- 
fect. Hence the size of the bulb is an ele- 
ment affecting the accuracy of the indication 
—a circumstance fatal to the employment 
of a spherical bulb in the thermoheliom- 
eter. 


and d. The column, J; is composed of 
| wrought copper plated with silver, highly 
The column, g, consists of a cy- 


derstood from the following description :— | lindrical vessel of glass open at the top, fill- 


Fig. 1 (frontispiece) represents a longitudi- 
nal section through the vertical plane. 


a | socket, h, composed of polished silver. 


'ed with mercury, and surrounded with a 
The 


is a boiler, with a flat bottom and semicir- | cisterns, ¢ and d, supported on non-conduct- 
cular ends, supported on two columns, 7 and | ing substances, are plated with polished sil- 
yresting on the bottom of the cisterns, ¢ | ver, and provided with funnel-shaped open- 
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ings at the top, through which thermometers 
are inserted. These cisterns, as well as the 


columns, f and g, are surrounded with non- 


conducting coverings, p, p and 0, 0 A 


lamp, }, is applied between the cisterns for | 


heating the water in. the boiler. It is 
scarcely necessary to observe that the pol- 
ished silver plating of the copper column, 
and the polished silver socket round the 
mercurial column, are intended to prevent 
loss of heat by radiation, while the cover- 
ings before mentioned are intended to pre- 
vent loss of heat by convection attending 
atmospheric currents. The inside diameter 
of the cylindrical vessel, y, it should be no- 
ticed, is 0.5 in., corresponding exactly with 
the diameter of the copper column, (f; the 
top of which is on a level with that of the 
mercurial column. The lines, k / and m x, 
are in the same horizontal plane, their dis- 
tance below the upper ends of the columns, 
J and g, being precisely 2 in. 

The object of the apparatus being that of 
comparing the conductivity of mercury to 
that of some other metal, copper has been 
selected, as its conducting property is better 
known than that of any other. The lead- 
ing feature of the arrangement will be com- 
prehended by a mere glance at the illustra- 
tion. An equal amount of heat being ap- 
plied to each column, it is intended to show 
by the elevation of the temperature of the 
water in the cisterns, ¢ and d, what relation 
exists between the conductivity of mercury 
and copper. Regarding the application of 
the heat, it will be evident that an equal 
amount must infallibly be imparted to each 
column if the lamp be sufficiently powerful 
to keep the water in a state of continuous 
ebullition. Obviously the heat from the 
lamp, if urged, will cause a rapid upward 
motion of the water in the middle of the 
boiler, and a correspondingly rapid descend- 
ing current at each end. Accordingly, lat- 
eral currents, varying in velocity with the 
strength of the flame, applied under the 
boiler, will flow inwards over the upper ends 
of the columns, / and g. 

Several experiments have been made un- 
der varying barometric pressure and differ- 
ent atmospheric temperature, but the re- 
sults as regards the comparative conductivity 
of mercury and copper have proved to be 
very nearly alike inall. The accompanying 
tables record the result of the last trial, 
conducted as carefully as practicable. The 
headings of the several columns explain so 
clearly the object of the tables that it will 





sail be necessary to state that the energy 
inserted in the fourth column is the energy 
developed from the beginning of the exper- 
| iment. 

Referring to Table I., it will be seen that 
at the termination of 4 min. from the com- 
mencement of the experiment, the temper- 
| ature of the water in the cistern, ¢, had in- 
creased 29.06 deg., the differential temper- 
ature being then 212 deg. — 102.56 deg. = 
109.44 deg. During the same period a dy- 
namic energy represented by 2.525 thermal 
units had been transmitted past the line, /: 
/, communicated to (1) the water in the cis- 
tern; (2) the part of the copper column im- 
mersed; (3) the metal composing the cis- 
tern; (4) the immersed part of the ther- 
mometer. But, while the entire energy 
transmitted past the line, 4 /, during the 4 
min. thus amounted to only 2.525 units, the 
rate of transmission was actually 0.850 unit 
per min. at the termination of the fourth 
minute. This apparent discrepancy was 
saused by the heat absorbed by that part of 
| the column which extends above the line, 
|k 7, the temperature at the commencement 
|of the experiment being the same as that 
| of the surrounding air, 73.50 deg. Tefer- 
ring to Table IL., it will be seen that the 
energy transmitted through the mercurial 
column, past the line, # #, during 4 min., 
was only 0.087 unit against 2.525 units for 
the copper column, although the differential 
temperature of the water in the cistern, ¢, 
was 137.50 deg.—109.44 deg.—=28.06 deg. 
higher thanin the cistern, c. Accordingly, the 
conductivity of the copper composing the 
column, f; has proved to be 2.4 





2.525-——0.087— 
29.06 times greater than the conductivity of 
the mercury of the column, g, notwithstand- 
ing the higher differential temperature to 
which the latter was exposed. It will be 
observed that the glass, 0.02 in. thick, com- 
posing the cylindrical vessel which contains 
the mercury, will conduct some heat down- 
ward, tending to increase the temperature 
in the cistern, d. This tendency, however, 
will be balanced by the loss of heat occa- 
| sioned by the radiation of the glass cylinder, 
since the application of the polished silver 
socket and the non-conducting covering 
cannot wholly prevent the refrigerating ac- 
tion of the surrounding air. It is impor- 
tant to observe, regarding the loss of heat 
from the latter cause, that the cisterns, pre- 
vious to trial, are charged with water of the 
same temperature as the atmosphere. Now, 
considering that the increment of tempera- 
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ture in the cistern, d, does not average more 
than 0.40 deg. above that of the atmosphere 
during the trial, it will be evident that the 
amount of error caused by radiation will be 
quite inappreciable. We are therefore 
warranted in concluding that the conductiv- 
ity of mercury, determined by the increment 
of temperature in cistern, ¢, and by the 
dynamic energy transmitted past the line, 


m n, cannot be far from correct. It will be 
asked why columns of such small diameter 
have been employed. The principa! object 
has been that of presenting a sectional area 
in the mercurial column, I. corresponding 
as nearly as possible to the size of the bulb 
of an ordinary thermometer. Regarding 
the dimensions, it will be readily admitted 
that the conductivity of mercury might have 





Tasie I.—Copper Column. 























| Increment Differential Energy | Energy 
Temperature | 0 Energy _ | Temperature | Transmitted | Transmitted 
Time. of water in Temperature Transmitted between past kl | a - ft. 
Cistern. in past k /, Boiler and | per 
Cistern. Cistern, | half ‘ninute, | half haute. 
Fah. Fah. Fah | 
Min ® e Therm. units. | ° | Therm. units. | Therm. units. 
| mae ree | 138 .50 | aa. i%- i—miedes 
Reicixntanin sien 75.15 1.65 0.143 136.85 0.143 104.873 
SD ARS 77.25 3.75 0.326 134.75 0.183 134.208 
2 eee 80.14 6 64 0.577 131.80 0.251 184.078 
| eases 83.84 10,34 0.898 128.10 } 0.321 235.415 
_ Serr . 88.14 14.64 1,272 | 123.80 | 0.374 274.284 
Sees 92,81 19.31 1.678 119.00 0.406 297 .752 
Meo stecnenue, o 97.67 24.17 2.100 | 114.25 0 422 309.486 
Di actecee t00ins 102.56 29.06 2 525 | 109.44 0.425 311.686 
Taste Il.—Mercurial Column. 
Increment | Differential Energy Energy 
Temperature | of Energy Temperature | Transmitted | Transmitted 
Time. of waterin | Temperature | Transmitted between past mn per sq. ft. 
Cistern. in | past mn. Boiler and per per 
Cistern. | |  Cistern. | half Gleute. half minute. 
| Fah, Fah. | Fah. | 
Min. . > Therm. units. Therm. units. | Therm. units. 
| 673.50 ct S ee aie Perera ren 
| 73.52 | 0.02 0.002 | «138.48 «| = (0 002 1 466 
BePewsns ant0sese | 73 56 | 0.06 0.005 138.44 0,003 2.200 
1.5 73.64 0.14 0 012 | 138 36 | 0.007 5.133 
28.0 73.75 0 25 0.022 138.25 0.010 7.334 
2.5 73.90 0.40 0.035 | 138.10 | 0.013 9.534 
| ERE ES 74.08 0.58 0.051 | 187.92 0.016 11.734 
3.5.. iene 74.28 0.78 0.068 137.72 0.017 12.467 
GMtecés seenned | 74.50 | 1.00 0.087 137.50 0.019 13.934 
| | 








been ascertained with greater exactness, if 
columns of very large sectional area had 
been employed; but the trial has conclu- 
sively established the fact that mercury 
transmits heat from particle to particle too 
slowly to effect a sufficiently rapid indication 
of mercurial thermometers provided with 
spherical bulbs; and that, when the heat 
is applied from above, the indication of such 
thermometers is wholly unreliable. 

A subject of profound interest presents 
itself in connection with the rate of trans- 
mission of energy exhibited in the sixth 
column of Table I. It will be seen that al- | 


though the copper column, j; is only 0.5 in. 
in diameter —0.19635 sq. in. section, the 
rate of transmission at the termination of 
the fourth minute is 0.850 unit per minute. 
Reducing this amount to the usual standard 
of one square foot, it will be found that the 
energy developed is 144~0.196350.850 
==623 thermal units per minute for a sec- 
tional area of one square foot. It will be 


observed that this extraordinary amount of 
energy (theoretically capable of exerting 
623——42.7—=14.5 horse-power) is called forth 
by the moderate differential temperature of 
| 212 deg. — 102.56 deg.—=109.44 deg. Fahr. 
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Now, let us compare the energy of 623 
thermal units per minute to that produced 
by the radiation of a metallic surface coated 
with lamp-black, and maintained at a tem- 


perature of 212 deg., within an enclosure of 


102 deg. Actual trial shows that under 
these conditions, the radiant energy of a 
blackened plate composed of copper, con- 
taining 144 sq. in., scarcely reaches 6 ther- 
mal units per minute. Our experiment has 


therefore established the fact, incidentally, 
that under the stated conditions, a plate of 
wrought copper 2 in. in thickness is capable 
of transmitting by conduction from one side 
to the other, in a given time, an amount 
of mechanical energy more than one hun- 
dred times greater than the mechanical 
energy developed by the radiation of the 
same plate during an equal interval of 





time. 


MECHANISM.* 


By tue Rey. ARTHUR RIGG, M. A. 


From the “ Journal of the Society of Arts.”’ 


In the spring of the year 1869, a course 
of Cantor lectures was delivered in this 
room by John Anderson, Esq., of Wool- 
wich. The subject of that course was 
“* Applied Mechanics.” Mr. Anderson 
elosed those lectures with the following 
sentence :—“‘It will be found that so long 
as any of Nature’s secret laws remain un- 
explored, well-directed irrepressible thought 
will alight on new discoveries one after 


another; and to the endless variations of 
mechanical combinations there is practically | 


no limit.” To some of the elementary 
forms of “these endless variations of me- 
chanical combinations” our attention in the 
present course of Cantor lectures is to be 
directed. It may appear disheartening to 


| same class, he selected for him a name ap- 

propriate at this day—he called man “a 
| tool-making animal;” for man was the 
| only animal in the creation that made tools 
for his own special purposes. Had Aris- 
|totle lived now, how much more appro- 
| priately would this characteristic have ap- 
| plied, and yet our surroundings might have 
‘deprived us of the man; for Aristotle was 
| appointed tutor to a youth then 14 years of 
age—that youth is afterwards known in 
history as Alexander the Great; but Lord 
| Bacon, in his “ Advancement of Learning,” 
| writing of Alexander the Great, says, “that 
he does not choose to consider him Alexan- 
der the Great, but prefers to call him ‘ Aris- 
In these days, and in this 


| totle’s pupil.’” 








enter upon an inquiry which at the outset is | country, more indebted as it is than any 
said to consist of “ endless variations ;” but | other in the old hemisphere to the scientitic 
by classification and division, not only all | development of the tool-producing faculty, 
the inhabitants of the world, but all of! and to many other science faculties, we may 
which the world itself is made, and even | look in vain for such encouragement. Alex- 
the very universe, has been brought under | ander did not forget his science tutor, for 
careful and minute examination. The words history records that he allowed Aristotle 
—animal, vegetable, and mineral—compre- | 800 talents per annum (a large sum, how- 
hend the world and its inhabitants. Divi-| eyer the talent may be estimated) with 
sion and sub-division have so placed these | which to prosecute his studies in natural 
that those with similar distinctive features | history. May it not be that in England in 
are soon classified side by side. the present generation there are no Aris- 
A digression upon these words for a few | totles because there are no Alexanders ? 
minutes, even thus early, will not be out of| By a like law of broad classification we 
place. To Aristotle, who was born about! may say of our present subject, there are 
384 years before the Christian era (he died | two marked groups, under one or other of 
322 B.C.), we owe much in respect of a de- | which may be arranged all our mechanistic 
velopment of the system of classification and | contrivances. These groupings are compre- 
division. When Aristotle was classifying | hended in the words structures and machines. 
natural history, and seeking for some dis- | The considerations which present themselves 
tinctive feature by which to distinguish | yary considerably, according as one or other 
men from every other animal placed in the | of these divisions is under notice, and un- 
| fortunately for the science and practice of 
| mechanics in the full acceptation of the term 








* A Lecture of the Cantor Course. 
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mechanics, modern usage has disjoined what 
should always have been united. The class 
of men whose business requires that they 


should attend to the branch called structures | 


The | 


disregard the branch called machines. 
compliment is repaid. The mind of the man 
who thinks of structures is ever dwelling 
upon contrivances for securing stability and 
perpetual rest, whereas the thoughts of the 
mechanical engineer dwell upon contrivan- 
ces for securing motion, and he sometimes 
dreams of making motion, and not rest, per- 
petual. Although each of these men look 
to mechanical aids for accomplishing his 
purpose, they look at them from two very 
different stand-points, and in very different 
colored lights. The man who deals with 
structures is always thinking of struts, ten- 
sions, pressures and frictions, and he adopts 





| 

‘they have done their work, with a speed 
which no employer has ever yet considered 
| too great. There is no law upon a laborer 
to return an empty spade to the ground at 
twice or three times the speed with which 
he lifts a full one. A machine, however, is 
expected to do this. It is expected when it 
has done one stroke of work, literally with- 

out turning round, to run backwards at 

twice or thrice the velocity at which it does 
its work in order to start and do another 
| stroke. Nor is it in readiness to return to 

its work at an increased speed that any 
great triumph of mechanistic skill is no- 
ticed. There is hardly a plan or device for 
the saving of bodily labor, nay, there is 
' hardly a scheme for saving mental thought, 

| that mechanism is not both expected and 

| requested to undertake. Mechanism bur- 





those means which seem most likely to se- | rows in the earth, it builds our houses, it 
cure what he calls stability and immobility. | conveys us by land and by water, it clothes 
The other man considers that to put the ma- us, it supplies us with teeth, it will even do 
chine in a state of rest, to so proportion the | a large portion of the work of digestion if 
powers as that each elementary part of that | we wish, it counts for us, it determines the 
machine shall be in equilibrium, is to put a | weight of our gold and silver coins, accept- 
machine in a state of absolute idleness. | ing or rejecting those coins, as, in its me- 
Now, idle machines, like idle people, do us | chanical judgment, it deems best; and, to 
no good ; they destroy themselves, they rust, | crown all, it thinks for us; it calculates, it 
they in fact decay, and, to borrow the phrase | sets up its own type, it prints its own calcu- 
from the workshop, we may say of idle ma- | lations, and if by any accident it makes a 
chines that they really “eat their heads | mistake, it rings a bell and tells us it has 
off.” The true state of a machine, as those | done so. 

who are concerned with them know well, is| Thus not only English society, but all 
a state of motion. So completely is this | society depends upon mechanism, and it is, 
idea of motion impressed upon mechanists, therefore, singular that educational books, 
that rest as accomplished by struts and and even treatises upon mechanics, lay the 
stays and rods, forms no part of the mental | foundation of all the information and in- 
employment of the mechanician. A me-| struction that they give, not in states of mo- 
chanician has no faith in the machine re- | tion, but in states of rest. To put levers, 
quiring rest. If a mechanician wants a| pulleys, inclined planes, wedges, and screws 


piece of machinery to pause in its work, in | 
order that another part of that machine 
may go through some operation or other, 
he accomplishes it by establishing such a 
relation between and amongst the motions 
of the respective parts as shall produce the 
result he requires. As two waves of light 
or of sound in opposite phases produce, by 
coalescing, darkness or silence, so two mo- 
tions can be so mechanically combined as 
to produce absolute rest. The owner of a 
machine considers a machine worthy of 
room on the floor of his factory only so long 
as it can move and is moving; and, indeed, 
nowadays, that is hardly sufficient for man- 
ufacturers and owners of machinery. Ma- 





chines are expected to be not only diligent | 
when they are at work, but to go back, when 


in states of perfect equilibrium, to demon- 
strate by tedious and complicated reasoning 
what is called the parallelogram of forces, 
to be poring over problems for establishing 
equalities by both geometric and analytical 
formulee—these constitute a large portion of 
the so-called scientific mechanical knowl- 
edge contained in our treatises upon ma- 
chinery for students—at least for those who 
are beginning to study. Ifa few advance be- 
yond elementary knowledge, they are gener- 
ally confronted by still more complicated 
and uninviting discussions upon the laws 
which have much to do with motions in the 
universe, but little or nothing to do with 
motions on the earth or in our machines. 
In 1788, when Lagrange published a 
great and fine example of analysis, he wrote 

















| 
in the preface of the book (it was upon ma- | 
chinery) :—‘“ The reader will find no figures 
in this work ; the methods which I deliver 
do not require either instruments or geome- | 
trical or mechanical reasoning, but only al- | 
gebraical operations.” Lagrange herein 
made mechanics subservient to analysis. 
Analysis ought to have been made subser- 
vient to mechanics. Our books of mechan- 
ical science deal with questions chiefly of 
rest or of celestial motion only; hence the 
man who wants a machine for a given pur- 
pose, who wants to combine certain motions, 
turns in disappointment from volumes that 
he considers are delusions and snares. So 
far as power, and so far as strength of ma- 
terials are concerned, he is satisfied that 
these are ample for all his requirements. 
Until he can obtain such a combination as 
shall secure a special end, questions of con- 
struction and equilibrium are not felt by 
him as matters really of even momentary 
consideration. He knows that if the mo- 
tions he needs are won, he will have no 
difficulty whatever in producing rest. To 
modify, control, and regulate the motions of 
connected materials, constitutes the chief 
object of study with those who hope by 
machinery to improve upon manual labor. 
This study is clearly independent of the 
building of the machine; it is clearly 
independent of all those parts of the 
machine that are comprehended under 
the word “structure.” It is also equally 
independent of the source whence the ma- 
chine derives its power; and, further, it is 
quite independent of the work to be done 
by that power, after it has passed through 
the machine. What it does involve, how- 
ever, are any mechanistic contrivances by 
which motions may be changed, or con- 
strained, or diverted, and that, appearing 
in one form, existing for a specific purpose, 
they may be transformed into another ex- 
actly adapted to the purpose required. 
Thus it will be for a prearranged object, 
and to follow a predetermined law. This 
is that which is comprehended under the 
word mechanism, and it is in consequence 
of the development of this aptitude in the 
few minds given to the special study—and 
they have been but few—that England owes 
all her present manufacturing industries. 
Having thus explained what is compre- 
hended under the word mechanism, it may 
be well to regard what it is that is exclud- 
ed. Allour experience tells us that motion 
is a consequence of force. So sure are we 





MECHANISM. 


of this, that we say that whenever force acts 
motion ensues. If, however, it is wished to 


| arrest an ensuing motion, it is usually done 


by the introduction of an opposing force. 
Thus, even in this aspect, rest, observe, is 
the result of a combination of motions. 

The branch of mechanical studies which 
thus considers force as compelling rest, or 
preventing a change of motion, is called 
statics; and states of rest produced by 
opposing forces, except when the mechan- 
ism is called upon in the interval to perform 
some special operation, do not concern us, 
and further allusions to questions of statics 
may be put aside. 

But force may produce change, either in 
the amount or direction of motion, and the 
branch of mechanical studies which com- 
prehends this is called dynamics. The term 
dynamics is a marvellously comprehensive 
one. To say of an operation that it is a 
dynamical one, gives just about as much in- 
formation of the operation as to say of a 
substance that it belongs either to the 
animal or vegetable kingdom. Division 
and subdivision must enter, in order to an 
accurate and instructive investigation of 
questions of dynamical character. Two of 
these divisions are so intimately related in 
the branch of dynamics to be treated of in 
this course of lectures, that a distinction 
must be drawn between names much alike. 
M. Ampere, in the year 1854 (for that is 
about the time when this subject first began 
to attain special consideration), wrote :— 
“Long before I employed myself upon the 
present work, I had remarked that it is 
usual to omit, in the beginning of all books 
treating of sciences which regard motion 
and force, certain considerations, which, duly 
developed, must constitute a special sci- 
ence.” He then proceeds to describe the 
science, and calls it kinematics, from a 
Greek word, x1v77 4a, which signifies motion. 
Further, he makes a proposal which was 
taken up by others, and the progress of the 
idea is interesting. He (M. Ampere) de- 
fined a machine, not as it had hitherto been 
considered—an instrument ‘‘by means of 
which we may change the intensity and di- 
rection of a given force,” but as an instru- 
ment “ by means of which we may change 
the direction and velocity of a given mo- 
tion,” hereby excluding force from all con- 
siderations of mechanism. Mr. Willis, to 
whom I shall have occasion to refer again, 
proposes another definition, namely, to con- 
sider a machine as an instrument “ by 
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which to produce, not motion simply, but 
relations of motion between parts,” thus 
setting aside M. Ampere’s definition, that a 
machine is an instrument to change the di- 
rection and velocity of a given motion. Dr. 
Whewell, in his “ Philosophy of the Induc- 
tive Sciences,” in the first volume, p. 144, 
hasa very short chapter indeed on “ Motion,” 
and he was well competent to write a long 
one. He wrote in that chapter, in 1840: 
“Motion should be considered quite inde- 
pendent of its cause—force. The science 
might be termed ‘ pure mechanism,’ in con- 
tradistinction to ‘mechanics proper,’ or 
‘machinery,’ in which force is taken into 
consideration. Such a science is the sci- 
ence of mechanism independent of force, 
and I consider it tod be the solution of a 
problem which may be expressed in these 
words: ‘To communicate any given motion 
from a first mover to a given body.’ The 
necessity of this separation (says Dr. Whe- 
well) has been seen by those who have 
taken a philosophical view of the sciences.” 
Dr. Whewell, it will be observed, excluded 
force, and in this respect he follows M. Am- 
pere’s views, expressed just six years pre- 
viously. 

Thus has arisen the distinction between 
two very similar terms, kinetics and kine- 
matics. Each term involves considerations 
of motion, but in two very different aspects. 
In kinetics it is not mere motion which is 
considered, but the relations that motions 
bear to forces. Hence questions in which 
the expenditure and nature of force, and 
the motions produced, are considered, belong 
to kinetics. Kinetics comprehend the laws 
of energies and the modes by which men 
may best avail themselves of these laws. 
We are too prone as a people to general- 
ize laws, and what we find to be true 
under one set of energies, we assume to 
hold good under another set. Such is not 
the case. The energies of gravity, electri- 
city, vitality, affinity, light and heat, re- 
quire different treatments, in order that 
each may be most advantageously utilized. 

An example or two may make clear the 
distinctions now insisted on. 

The velocity and penetrative or destruc- 
tive effects of a cannon ball, in relation to 
the character and explosive consequences of 
the energies of gun-cotton, gunpowder, 
nitro-glycerine, dynamite, or whatever 


other elements are used, would be a ques- 
tion in kinetics. 
Again, that singular calculation, that if a 





man were engaged in producing a certain 
motion, as, for example, drawing water from 
a well, by the expenditure of his muscular 
energies through the period of his manhood, 
he would raise by the mechanism of his 
bodily frame no more water than could be 
raised by one load of the best Wallsend 
coal; hence completing the parallelism, and 
reducing it to the form of money value— 
and it is: wonderful how much more we ap- 
preciate these things when they are put in 
a money value—the life energy of a man 
acting through the mechanism of his mus- 
cular system does not exceed the energy of 
a load of coals employed through the me- 
chanism of a scientifically-made engine. 
In other words, given the two mechanisms, 
the life of a man is not worth more than 
about 60s. Had man been created fot no 
higher destination than this, we may de- 
pend upon it he would have been put to- 
gether as a piece of mechanism very differ- 
ent from that on which he is now consti- 
tuted. 

In kinematics these elements of force oc- 
cupy no attention whatever. Neither the 
force that produces the motion, nor the 
forces impeding the motion, nor the forces 
that these two motions call into action, none 
of these belong to the division of the sub- 
ject with which these Cantor lectures have 
to deal. Kinematics, therefore, is a science 
of mere motion; even elements of strength 
are not considered in it. The galloping tor- 
toise which we see advertised in the win- 
dows in the streets of London, and that 
tricky little mouse that you see creeping up 
the hands of men in Oxford street or Lom- 
bard street, claim from mechanicians quite 
as much attention, and involve questions of 
mechanism perhaps quite as curious as Bab- 
bage’s calculating machine, or those singu- 
lar things, the orreries of the last century. 
It is, therefore, the division of the subject 
called kinematics with which the present 
course of Cantor lectures is chiefly con- 
cerned. 

M. Ampere appears to have been the first 
to direct public attention to the importance 
of kinematics as a special study. Plato 
speaks of astronomy as “the doctrine of 
the motions of solids;” and to come to re- 
cent times—very recent indeed—there is a 
still valuable work by Emerson, which we 
have here, and which contains some very 
good illustrations. Here is one of the me- 
chanism of a rat-trap, and very well it is 
done. The reason why the book is produc- 
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ed is this. It was probably first published | acknowledge great obligations.* In it the 
about 1750; this copy, which is the second | subject is treated as a mathematical one, 
edition, corrected and very much enlarged, | and although in the present course of lec- 
with 43 copper-plates, was published in| tures the purely mathematical aspect of the 
1758. The title-page is well worthy of our | problem must be ignored, that is no reason 
consideration in connection with the present | whatever why the young mechanicians 


course of lectures. It is— | should not study the subject with the only 
THE PRINCIPLES OF MECHANICS, key that can unlock for them its treas- 


| ures. 
Whilst allowing the “open sesame 
character of this mathematical key in the 


Explaining and Demonstrating 


Tue GeyeRAL Laws or Motion, 


The Laws of Gravity. Centres of Gravity. : > “i i ae TO 
Motion of Descending Bodies, | Strength and Stress of Timber. question of mechanism, ut = well to — 
Projectiies Hydrostatics. | that purely mathematical minds have claim- 
Mechanic Powers. Construction of Machines, | 5 > 2 ° ate 7 eh of 
Pendulums | ed for their favorite science far too much o 
A work very necessary to be known by all Gentlemen | the power of a magician § wand over ter- 
and others that desire to have an insight into the restrial mechanics and mechanism. Mathe- 
Works oF NATURE AND ART. maticians boast that they hold the key of the 


And extoomnsly wesfel to oll cwstn of Artificers, particularly to | gate ; it is a reflection upon their good taste 
. "cua io. ov. deh aa = Meckeaical” — i they seldom walk in the pleasant pas- 
Way. The a ee a 43 Cop- tures of which they have the key. If 
ee ae mathematicians would but become as fam- 

The order of Emerson’s subject is remark- | jliar with the technicalities and wants of 
able. They begin with motion, lead on to! machinists and mechanists as they are with 
equilibrium, and end with structures. In| the omnipotence of # and y, they would 
our days the habit seems to be to begin | often receive the right-hand of brotherhood, 
with structures, descending through equili-| where now men are provoked to say, 
brium, and very seldom proceeding so far| “Stand back, we do not want you.” There 
as motion is understood in mechanism. In! will be no solid progress in the refinements 
the preface he lays great stress upon motion, | and precision of mechanism, either construc- 
and not, as in modern books, equilibrium ; | tive or kinematical, until there is less dis- 
on that he lays no stress. He writes:—/ sociation between mathematics, physics, 
““What else is there in the visible world kinetics, and practice. The youth of Eng- 
but matter and motion? Mechanism is a) land are led in the dynamical relations of 
science of such importance, as without it! and y to calculate the path of the earth in 
we could hardly eat our bread, or lie dry in | its orbit, and they can do it to a second in 
our beds, and by it we come to understand | a year. The same x and y enable them to 
the motions of the parts of an animal body | tell the periods of the revolution and rota- 
—the motions of the celestial bodies. With- | tion of the earth; to find the velocity of 
out mechanics a general cannot go to war, light, and to measure the length of its 
and the meanest artificer must work mechan-| waves to the millionth of an inch; to cal- 
ically, or not work at all, so that all persons | culate the exact curve of the spectroscopic 
are indebted to this art, from the king down diagrams in the solar corona, and this with 
to the cobbler:” an accuracy that even decimals fail to repre- 
Although pure mechanism in kine-| sent to the mind. Such is considered a 
matics has thus been recognized as an im- triumph of mathematical dynamics. But 
portant study in and by itself, yet no work/ ask a mathemathician to determine the 
appeared in the English language, as far as quantity of irregularity produced by an un- 
I know, until the year 1841, one year after | balanced fly-wheel; to say how a small 
Dr. Whewell’s book, which was six years | weight on a large fly-wheel may produce 
after M. Ampere had drawn attention to | back-lash through a mill, and destroy the 
this subject. Then Professor Willis, the | teeth of some of the largest wheels in that 
Jacksonian Professor of Natural and Ex- | mill, or to state in what motions or how to 
perimental Philosophy in the University of | utilize the heat that passes away, or to what 
Cambridge, published a volume on “ The | influences a ship is subject by the rotation 
Principles of Mechanism, designed for the | — 
use of students in the University, and for * The second edition of this work has been recently published 
engineering students generally.” To this by Messrs. Longman, and to them and Professor Willis the 


vork all w e . Society of Arts is indebted for the loan of certain wood-cuts tu 
work all who have alluded to mechanism jh used in the printing of future lectures 
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of heavy machinery within, or to calculate | and how resistances were met similar to the 
in any given case what is called negative | resistances he was called upon to meet. 
slip ; and how is that slip in a screw pro- | Hence, when he published a report, in folio, 
peller to be avoided? Ask the mathema- | of the designing and executing of the pres- 
ticians to take a given problem, with given | ent Eddystone lighthouse (three or four 
numbers, under any of these heads, and | previous ones having been either burnt down 
they will turn from it and think it beneath | /or washed away), he printed, side by side 
their notice—probably it is beyond their | with a drawing of the structure he propos- 








skill. 

Mechanism, then, is the alphabet; ma- 
chinery is the written expression, and that 
machinery is a combination of parts. These | 
elementary parts are furnished by the me- 
chanician. Hence the study of mechanism 
should precede the study of machinery ; 
but it has failed and still fails to do 
80. 

Apart entirely from the mathematical | 


and scientific reasons why mechanism does | 


not hold its own asa branch of well-defined 
and intellectual study, there are one or two 
obvious social ones. Mechanism is not 
directly allied to utilitarianism; it bears a 
relation to utilitarianism of a character | 
similar to that which art bears to it. The 
necessities of life must first be met, and then | 
may be entertained improved means fi rmeet- | 
ing them. ILouses, boats, bridges, clothing, 
and food must first be procured, and then, 
and not until then, need be considered the 


the best way for accomplishing these, or for | 


rendering them more attractive when they 
are procured. Hence art and mechanism 
first succeed, and then precede, utility. 
Again, our very bodies, and the contrivances 
which nature has so profusely scattered 
around, have given man what may be called 
an intuitive knowledge of mechanistic com- 
binations. Men avail themselves of these 
as they do of books in a library, and rarely 
give a thought to anything but the branch 
that they are themselves at the time want- 
ing. 

Mechanicians are only a numerous class 
of those who do this. To the extensive 
storehouse of nature’s contrivances, perhaps 
every branch of art and science resorts more 
than it is willing to allow. When the Gov- 
ernment, about ‘100 years ago, referred the | 
question of a lighthouse to Smeaton for the 
Eddystone roc k, Smeaton, who was experi- 
enced both as a kinetical and constructive 
mechanician (he was the first to introduce | 
the use of cast-iron teeth in large wheels), | 
did not contrive a lighthouse, or even con- 
sider he was called upon to design one. 
What he did was to look about through | 


nature’s storehouse, and to consider where } 


ed, the trunk and branches of an oak tree, 
|W hich he took as his model. On the wall 
|is a diagram taken from Smeaton’s own ac- 
count of the Eddystone lighthouse, and 
| showing the peculiar mode in which he 
| dovetailed the stones one into the other. 
|The question of the Eddystone lighthouse 
‘is quite foreign to our present purpose, but 
| the diagram ‘there shows the mode in which 
| the oak branch enters into the stem of the 
tree; and in the text Smeaton points out 
|how beautifully the obtuse angle of the 
| branch is fitted in with more material than 
| the acute angle, and how it strengthens the 
/acute angle; he also shows how the stem 
of the tree is fixed into the ground, and to 
| | this natural contrivance he owed his ideas, 
‘for from them he writes: ‘I could make 
a figure not ungraceful; and at the same 
| time carrying the idea of great firmness 
‘and solidity” (p. 42). That is sensible con- 
structive mechanism. There may be many 
in this room who remember the year 1851, 
when the country was very much perplexed 
to know what to do with the Exhibition it 
had summoned, and did not know how to 
put it under cover. Architects, engineers, 
| and others were completely baffled. They 
felt that if they raised a building, either of 
brick or stone, damp in the walls would 
spoil the treasures of art to be deposited 
there. No available suggestion originated 
with them. In the crisis a gardener came 
forward, and to him is due the credit of 
having suggested the design for the build- 
ing. Sir Joseph Paxton, who owns he was 
‘no engineer, writes of the Exhibition of 
'1851: “Nature was the engineer in this 
| case,” and he requests those who choose to 
do so to compare the leaf of the water lily 
| (the “Victoria Regia”) with the building 
| erec sted in Hyde Park, for he says, “ from 
this I obtained all my ideas,” of what 
should be comprehended in the first iron and 
glass building that was ever seen. Let us 
| look—the inquiry shall be as brief as pos- 
| sible—at a few more of similar illustra- 
tions. A spider’s web across a garden path 
suggested the Menai bridge to Telford be- 
‘fore 1818. The structure of bones sug- 











gested the tubular one which carries the 
railway across the Menai Straits. The lit- 
tle worm which perforates the wood of ships 
suggested the Thames Tunnel to Brunel; 
the telescope, the microscope, and the cam- 


era obscura are all clearly set forth in the | 


eye; it was a lobster shell which gave the 
idea of curving wrought-iron tubes to Watt; 


wasps make paper, and there are other | 


wasps that make paste-board. Spiders form 


nets; hail and shot are formed exactly alike. | 


Bird’s feathers suggested the slates to our 
houses, and bird’s nests are lessons to this 
day in basket weaving. England, as an 
island, is warmed as this room is warmed. 
In the torrid zone there is a boiler and fur- 
nace, and the Gulf Stream is the enlarged 
pipe of a huge heating apparatus. In the 
hand we have a vice, and looking at that 


vice which we all possess from a mechan- 
ical point of view, it is evidently one more | 


perfect than the most ingenious vice the ac- 
cumulated skill of engineers could possibly 
produce. There are eight or nine different 
vices in one, that is to say, it is a vice of 
varying size and form; it needs no clams ; 
there is no chance of damaging the work 
put in it by the serrated edge, as is the case 
in an ordinary vice, for, as you know, clams 
of wood, lead, cloth, and other materials, 
are used to save the work. Look at it from 
any point of view, it is unapproachable. 
If you want to hold a circular piece of met- 
al, how much more beautifully do you do it 
than can be done by any contrivance of en- 
gineers. You hold it between two fingers 
andathumb. Although this is a question 
of statics, it is worthy of a few moments’ 
consideration. You observe, many people 
put things upon four legs; theodolites*, in- 
struments, tables, ete., are generally put 
upon four legs, but Nature tells us we 
should put them upon three. When this 
pencil is held on three sides by two fingers 
and one thumb, you cannot press it in any 
direction without its meeting with resistance, 
but once put it between four fingers and 
there are four places in which it may escape. 
Another peculiarity of this vice (viz., the 
hand) is, that you may hold a chisel in it so 
as to be quite steady, and yet it will slide 
along, and there is no vice known to me 
which will do this. This vice, then, is not 
only a very curious one, but, in respects 
which would draw us very far aside, it is 


*The adjusting-screws of theodolites are, as a rule, four in 
number-—-the three-legged stand is the support of a four-legged 
instrument 
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one possessed by no animal except man. 
Look, again, at the wrist joint. We have 
vices with balls and sockets, and universal 
joints, but none equal to this universal joint 
at the wrist. There is a fortune for any- 
body who can make a vice to equal it, so 
| simple and so universal. ‘Then, again, the 
stomach is a perfect laboratory. The lungs 
are a bellows; the skull is an arched vault, 
| beautifully put together; and the teeth !— 
what a complication we have of knives, 
| saws, wedges, and millstones; and in the 
‘jaws there is an arrangement which has 
often been tried, but which has never yet 
| been successfully attained, called a draw- 
cutting action, the nearest attempt to which 
is in bread, hay, and paper-cutting machin- 
‘ery. Not only is the eye a telescope and a 
microscope, but there is in its apparatus, 
viz., in the “iris,” a specimen of what en- 
gineers have been attempting for a long time 
—an expanding pulley. No expanding 
pulley has yet been successful. To adapt 
such suggestions as these supply, and to 
combine them with the structural schemes 
which ingenuity or necessity furnished, 
seemed to satisfy all the wants of men until 
the steam-engine enlarged its usefulness 
by giving a rotary motion in addition to a 
reciprocating rectilineal one. Watt did this 
in 1770, and from that time we began to 
date our mechanical progress. ‘Then it was 
that men who saw a high scientific and in- 
tellectual study in mechanics were gradually 
turned from such considerations as the 
mathematical demonstration of the parallel- 
ogram of forces, or the abstract beauties of 
| algebraic analysis, to the more important 
considerations which these engines produc- 
ing rotary motion led them to enter- 
tain. 

When we note how slowly, even in these 
days, the direction of men’s thoughts changes, 
we must not be surprised that comparatively 
few minds have left the beaten track, and 
entered on studies of pure mechanism. It 
is, both in its abstract and practical charac- 
ter, a very fascinating study, and those who 
promote it render the art of the mechanic 
less empirical-and far more scientific th in it 
is at present. As an architect should study 
engineering, so a mechanic should study 
mechanism. A mechanic, as the term is 
applied, means one who makes machinery. 
This view is just as narrow as that which 
would restrict the term engineer to one who 
drives an engine. If there is one occupa- 
tion more than another which should win 
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respect from the required combination of 
mental knowledge and handicraft skill, it 
is that of the mechanic ; and of mechanics, 
none need these qualifications more than the 
smith— 
“A mighty man is he, 
With large and sinewy hands, 
And the muscles of his brawny arms 
Are strong as iron bands.” 


For that man can take an uncouth, shape- 
less mass of cold iron and so correctly judge 
of the volume of that uncouth mass as to 
select the required quantity, and no more, 
for a form to which it bears no resemblance, 
and to which form he shapes it, although 
he is never able to touch it with his fingers. 
Before you is one of the recent triumphs of 
skill in wrought iron; and if there is any 
one present who has taste for work of that 
kind, it is well worth study. It has been 
lent by Messrs. Peard, Son, and Peard, and 
is a pure piece of wrought iron. It is most 
artistic and graceful in form, and is put 
together without brazing in any part. How 
far it has been screwed together, or how far 
it has been simply welded, there are, no 
doubt, those in the room fully competent to 
judge. No one, however, can leave it 
without admiration, and recognizing the 
truth of the statement, that of mechanics 
there are none who more deserve the thanks 
of the community than the class called 
smiths. 

The relation which the machinist bears 
to the mechanist is easily defined. Setting 
aside the question of structure, the mechan- 
ist deals with designs; the machinist takes 
those designs and adapts them to his pur- 
poses. For the fitness of the designs for 
an end, they apply, when need be, to the 
mathematician. The mechanic takes the 
deductions of the machinist and the mathe- 
matician, and produces a machine as ex- 
actly adapted to the purpose required as the 
knowledge and experience of the time en- 
ables him to do. The distinction thus 
drawn between the machinist and the me- 
chanician leads to modes of expression by 
these respective classes which, unfortu- 
nately, do not increase the respect of each 
for the other. For example, the mechani- 
cian aims only at a contrivance; the ma- 
chinist or mechanic aims only at a com- 
mercial or manufacturing utility. A me- 


chanician is contented with the most rude 
skeleton design ; he does not care for either 
journals or plummer blocks being neatly 
carefully 


and curved out—anti-friction 





curves do not trouble him. On the black- 
board are two skeleton drawings—here is a 
very rude one of two wheels and a crank— 
these answer the purpose of the mechani- 
cian. A mechanic would not be worthy of 
the name of mechanic if he executed such 
a piece of work; as a mechanical drawing 
it is perfectly ridiculous. You see by the 
side of it some specimens of mechanical 
drawing, one a diagrammatical one, and 
another a most beautifully-finished drawing 
of a locomotive, which, perhaps, appears to 
many to be an engraving. It, however, is 
done entirely by hand. There are also 
working drawings, such as are taken into 
the workshop, from which the actual ma- 
chines are made. It would certainly be a 
great improvement on scientific books if 
there were some advance in the illustrations 
they contain, which at present are often 
even less worthy of commendation than the 
rude mechanistic skeleton one alluded 
to. 

It is quite possible, and it would be even 
prudent, to make mechanism a study al- 
together apart from mechanics; it would 
not, however, be prudent on the present oc- 
casion to do so. Whilst, therefore, associ- 
ating mechanism with mechanics—to which 
it is not allied, and separating mechanism 
from mathematics, to which it is necessarily 
allied—in this course of Cantor Lectures 
we approach the subject in a species of 
bondage, and must therefore ask that favor- 
able consideration generally extended to- 
wards a comparatively strange friend, by 
making use of our old friend, mechanics, 
for a favorable introduction and an oc- 
casional help. 

With mechanics we are all familiar. 
We can neither eat, drink, nor sleep, we 
can neither sit, walk, nor talk, except by 
the exercise of those mechanical arrange- 
ments with which nature has endowed us. 
When, however, in the course of nature the 
vital energy ceases by which man is enabled 
to put in action the machinery of his frame, 
then, however beautiful and perfect the 
machinery may be, the object for which. it 
was constructed cannot be performed. At 
this stage (the power of the machinery hav- 
ing gone—the kinetical element having 
been removed) the machinist takes up the 
parts, and may be said to analyze the con- 
trivances by which the vital energies exer- 
cise their various powers. But the mechanic 
cannot operate without a motive power. 
The mechanician cares fornone. He deals 
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with contrivances in relation to motion. 
His peculiar province is to devise plans by 
which the motion he has may be changed 
into the motion he wants, and the require- 
ments he wants are singularly varied, and 
they fully warrant Mr. Anderson’s expres- 
sion of “endless,” for to them there is 
“practically no limitation.” Farmers do 
not make more varied demands upon the 
weather than machinists do upon mechan- 
ists in relation to motion. There is no end 
to the variety of demands made by the pub- 
lic upon the mechanician. One man comes 
and says he has a motion which he wants 
accelerated. Another says he has a motion 
which he wants retarded. A third comes 
and says his motion is not quite continuous, 
he would like it to be so; another says he 
wants the motion to be intermittent. One 
man says he wants a circular motion when 
he has got a rectilineal; another says he 
wants a rectilineal when he has got a circu- 
lar; another wants it variable ; another 
says he wants it uniform; one says it must 
bealternate, going backwards and forwards ; 
anvther says he wants his motion brought 
to a state of rest. Another says, here is 
velocity, convert it into power ; and another, 
here is power, convert it into velocity. None 
of these, and the list might be wonderfully 
extended, are out of the province of the me- 
chanician. For example, a knife is to be 
sharpened. There are various modes of 
doing it. The shelves of the Patent Office 
have many for sharpening knives, but we 
will take the representative one, in which 
the stone revolves. We have an apparatus 
here for which we are indebted to Messrs. 
Holtzapffel. The problem before the me- 
chanist is to convert the perpendicular mo- 
tion of the foot up and down about eighty 
times in a minute into a continuous motion 
of the stone of about 500 ft. circumferential 
per minute. The plan adopted here is to 
have a treadle for the foot, by which the 
up-and-down motion is transferred to a 
wheel, from which there is a band to a 
small pulley connected withthe stone, and 
by this contrivance we have got the up-and- 
down motion of the foot converted into the 
continuous rotary motion of 500 ft. per 
minute. That mechanism is perfect for all 
purposes, not simply for the sharpening of 
a knife, or razor, or lancet, but, as a me- 
chanical contrivance, it will do for a hatchet, 
scythe, or any other edged tool. The ma- 
chine has left the mechanician’s hands as a 
contrivance, but the mechanic takes it up, 











and adapts the question of its structure to 
the particular use for which it is required, 
using such proportion of treadle, crank, and 


wheel as he pleases. The mechanist has 
done with it when the contrivance is pro- 
duced, and it then becomes the property of 
the mechanic. If, however, the problem 
had been set before the mechanist in another 
form, as, for example, if he had a weight 
falling, and that had to be converted, or if 
he had got such a matter as the rise and 
fall of the tide, and that had to be convert- 
ed, or, if he had got the explosive power of 
gunpowder, or the intense power at a short 
distance of electricity, or the elastic power 
of a steel spring, then clearly these would 
be new conditions imposed upon the me- 
chanist, and a different piece of mechanism 
would have had to be designed for each of 
those cases. You have, therefore, accord- 
ing to the questions put before the me- 
chanist, various machines, but one contriv- 
ance serving every purpose. In any case 
the mechanic takes the designs of the me- 
chanician, and so avails himself of his own 
knowledge of material, and so adapts the 
amount of power at his disposal, and of 
that required to be utilized, as to make the 
machine. 

Now it is clear that to sharpen a razor 
and a hatchet requires from the mechanic 
two different machines—from the mechani- 
cian they require but one mechanistic con- 
trivance. 

Having thus explained and illustrated the 
position which mechanism holds in relation 
to other branches of mechanics with which 
it is allied, we should restrict ourselves to a 
consideration of the divisions and sub-divi- 
sions under which it may be usefully 
studied. To do so in the present course of. 
lectures would be to make the subject not 
particularly inviting, and we must some- 
times therefore overstep the boundaries, 
and take a short walk into the not very in- 
viting mathematical and prohibited fields, 
and perhaps a longer one into the more in- 
viting mechanical fields. In thus, to some 
extent, trespassing into tempting by-paths 
from the highway which the literal mean- 
ing of the title of these lectures prescribes, 
the Council of the Society, and the audience, 
who do not despise mechanistic drawings, 
must permit action to take place under a 
precept which, not existing in our Christian 
code, I must borrow from another :— 


“For what saith the Koran in chapter the third, 
‘Confine not thy neighbor too close to his word. ” 
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STABILITY OF GIRDERS. 


From ‘The Engineer.’’ 


The rigidity of a girder, or the resistance 
it opposes to any change of form or motion 
among its several parts, will depend prin- 
cipally upon: the due fulfilment of a very 
few conditions. The proportion of the span 
to the depth, the ratio of the former dimen- 
sion to the width of the booms, and the 
character of the load the girder has to bear, 
are the chief points to be attended to. It is 
supposed in this instance that the girder 
acts independently, and that its own stabil- 
ity is not derived in part from any system 
of bracing or trussing which unites it to 
one or more fellow girders. If cross brac- 
ing is used, then the question is not of the 
stability of a single girder, but of the whole 
composite structure of which each girder is 
a separate part. As a rule, the separate 
girders designed for bridge and roof pur- 
poses are interbraced and tied together in a 
more or less effective manner, so that the 
individual stability of each is, in a great 
measure, lost; but it must nevertheless ‘be 
borne in mind that the more defective a 
girder may be in stability, per se, the great- 
er amount of trussing and bracing it will 
require when several of the same type are 
joined together in one structure. As all the 
material consumed in imparting an adven- 
titious stability to girders is so much dead 
weight, and does not count in the actually 
calculated resistance to strains, it is evident 
the less that is necessary the more econom- 
ical will be the result. We have seen some 
girders so badly proportioned and designed 
that a large quantity of bracing was requir- 
ed to force them into shape, and subse- 
quently additional trussing was needed to 
maintain that shape unaltered. A certain 
amount of stiffness is indispensable to a 
girder, although that feature is not by any 
means a sure indication of either its strength 
or security. It is quite possible to construct 
a wrought-iron girder, and stiffen it by the 
lavish employment of extra material in such 
a manner that it would hardly afford the 
slightest premonitory sign of yielding, even 
when it was on the very point of rupture. 
While, therefore, stiffened almost to brittle- 
ness, its absolute strength would be com- 
paratively small. There is no question but 


that the form of the girder, the shape of the 
booms, the character of the web, and the 
type to which it belongs, are very material 





points to be considered with reference to our 
subject. But the points to which allusion 
has been made, affect the stability of all 
girders, independently of the particular 
class to which they may happen to belong. 
Girders frequently become unstable from 
the practice—at one time very prevalent, 
and still adhered to in too many instances 
—of loading them on only one-half of the 
flange. However well the principle of uni- 
form stress on the flange might be carried 
out in the design, it would be rendered com- 
pletely abortive by such a disposition of the 
working load. 

The proportion between the span and 
depth of girders depends in some degree 
upon their nature, and also upon the judg- 
ment of the engineer who designs them. 
Time, and additional experience in the de- 
signing and construction of iron bridges 
and roofs, have lent their influence towards 
greatly modifying many preconceived ideas 
on this point.. Girders having continuous 
webs—such as the tubular, box, and plate 
forms—require in an economical point of 
view a less depth than those belonging to 
the open web girder. Thus, the depths 
usually assigned to girders with continuous 
webs range between +;th and +\;th of the 
span. In fact, the proportions originally 
adopted in the early designs of iron bridges 
have been adhered to in the later examples 
with tolerable closeness. If the span of a 
girder be constant, and the depth be gradu- 
ally diminished, the girder becomes speedily 
very unsteady. It ceases to possess any 
rigidity, for since the deflection of a girder 
with parallel flanges is inversely as the 
square of the depth, the limit is soon reach- 
ed when the structure becomes absolutely 
insecure. A considerably greater depth 
has been used to advantage in the case of 
braced girders, which may be regarded as 
constituting the modern type of bridge and 
roof building. The ratio varies between 
pyth and {th of the span. In America, 
where some gigantic specimens of timber 
trussed bridges exist, a proportion of 4th 
has been adopted in some instances. For 
iron girders of the open web description a 
proportion of 5th of the span for the depth 
will give good results. There is another 
feature in the design of a girder which 
bears prominently upon its stability, and 
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that is the ratio of the width of the flange | in width to almost any dimension, provided 
to the span. The relation it bears also in| the extremities over the bearings were kept 
this respect to the depth should not be over- | in place. But the advent of a rolling load 
looked. A very deep and at the same time | alters the conditions very materially, and 
very narrow girder would be exceedingly | calls for an amount of rigidity and stability 
likely to cant over, without the dimensions | which few girders possess by virtue of their 
of the span possessing much influence in | independent construction. Cast-iron girders 
the matter. To go back to the Britannia | are exceedingly well circumstanced in this 
Bridge, which to some extent is still un- respect. The great disproportion which 
rivalled as an example of iron construction, | exists between the compressive and tensile 
the proportion of the width of the flange to | strength of this material induces a similar 
the span of the girder is as high as 1 to | discrepancy in the respective sectional areas 
31. But this is an exceptional instance, as | of the upper and lower flanges. The latter, 
the flanges in reality consistof entire booms | in consequence of containing from tive to 
composing the whole cross section of the | six times as much metal as the former, is 
structures. A very good general proportion | generally very broad in comparison, and 
is about jth. The plate girders in the | thus can be firmly secured to the abutments. 
land spans on the Middlesex end of the | The lateral stability of this description of 
Charing Cross bridge are designed with | bridge is further aided by the small depth 
span, depth, and width of flanges in the | given to the girders, and the introduction 
ratio of 1, 54,th, and ,,th. In girders with | of a few tie rods passing through their re- 
cellular tops, which are now obsolete, the | spective webs. Small as the width of the 
proportion of ,th of the span has been | flange of the Crumlin girders may seem in 
adopted for the width of flange. relation to the span, that of some of the 

Passing on to the braced form, it will be | bowstring and curved trussed girders adopt- 
seen that the flange of some well-known | ed for station roofs is less. The roof of the 
examples exhibit a still greater reduction | New-street Station, Birmingham, has double- 
in their ratio of width to the span. In the | headed tee-shaped rafters for the principals, 
Newark Dyke bridge the proportion is as | whose breadth is about the 212th part of 
1 to 160, and in the Crumlin Viaduct only | the span. Obviously no rafters of these 
as 1 to 200. The flanges of the girders | proportions could possibly remain upright 
of this latter structure are only 9 in. in| without the assistance of bracing, which 
width. It is not to be wondered at that! is furnished by the nature of the struc- 
both of these structures evinced a great|ture. The roof itself constitutes a con- 
want of lateral stability, and required to be | tinuous bracing between each pair of 
strongly interbraced and tied together! rafters, so that it is not a question, as has 
throughout the whole of their longitudinal been before remarked, of the stability of 
and transverse sections, in order that they | any single girder, but of the whole roof to- 
may undergo with safety the heavy rolling| gether. Besides, being subjected to no 
load to which they are subjected. So long} rolling load, a roof can be more thoroughly 
as the load is of a stationary description, | braced together than a railway bridge, and 
and situated either at the centre or uniform-| with far more economy. In the latter case, 
ly distributed over the whole length of the | therefore, the proportion of the width of the 
girder, there is nothing to affect its lateral | flanges of the girders to their span is not 
stability, and the flanges might be reduced | of so much importance. 








THE TAY BRIDGE. 
From “The Mechanics’ Magazine.” 


The new Tay Bridge, now in course of | Bridge being eighty yards longer, it would 
construction, will be the longest —— in | have been two miles exactly, and for all in- 
the world—longer even than the Victoria | tents and purposes it may therefore be 
Bridge, Montreal. The Victoria Bridge is | called a two-mile bridge, and will have 90 
9,194 ft. long, while the Tay Bridge will be | piers and 89 spans. 





10, 321, making a difference in favor of the| The details of the vast undertaking are 
Tay Bridge of 1,136 ft. Had the Tay of interest. The work was to be completed 





352 





VAN NOSTRAND’S ENGINEERING MAGAZINE. 





in three years from May, 1871, and the di- 
mensions in detail are as follows : 

Between the abutment on the Fife shore 
and the abutment at Magdalen Point, on 
the Dundee shore, there are to be 89 spans, 
three of which—counting from Newport— 
will be 60 ft. wide; two of 80 ft.; twenty- 
two of 120 ft.; fourteen of 200 ft.; sixteen 
—counting from the centre of the bridge to 
the Dundee side—of 120 ft. ; twenty-five of 
66 ft. ; one of 160 ft.; and six of 27 ft. The 
greatest height of the bridge will be 88 ft. 
above high-water mark. The bridge is 
slightly in the form of an arch. Leaving 
from the Newport side, the gradient is one 
in 100 for three spans, and from this point 
it is only one in 353 until the centre of the 
bridge is reached, and drops again with a 
gradient of one in 73, and continues at this 
until the Dundee shore is reached. The 
piers are made double, and are in the form 
of cylinders, made of cast iron, which are 
again filled in with bricks. The quantity 
of cast iron required for the cylinders is 
2,600 tons, while the superstructure is all 
malleable iron, 3,600 tons of which is re- 
quired. There are at present about 90 men 
employed at the works. The contract for 
the whole bridge was taken by Mr. De 
Bergue, for £217,000. 

The braced piles that will be used from 
the north side weigh 650 tons in all. There 
will be about 36,000 yards of brick and con- 
crete work, and some 87,000 cubic feet of 
timber. The operations in the construction 
of the bridge are peculiar. The usual man- 
ner of laying piers of the kind used for the 
Tay Bridge is to erect heavy staging, from 
which the cylinders of the pier are guided 
into their places. But in this case there is 
not depth of soil for pile-driving. The cast- 
iron cylinders and brickwork are first built 
on the shore, at the water-edge, then floated 
into their places by means of pontoons, and 
lowered into position by hydraulic appara- 
tus. The excavating for the foundation 
must be done with great care, and is ac- 
complished by the ordinary air-compression 
system. The solidity and stability of the 
whole structure must depend on the firm- 
ness of the base of the cylinders, and there 
must be great exactness in the fitting, and 
strength in the cement used in the brick- 
work and concrete. A piece of the cement, 


1} in. sq., which had been used on Decem- 
ber 19th, and since then kept in water, was 
submitted to strain, breaking at 1,120 Ibs. 
This cement becomes stronger the longer it 





is kept in the water, up to a period of five 
years, when it reaches its maximum strength. 
The first cylinder was floated into its place 
on October of last year, and was finished 
by November 29th. The three rectangular 
piers are 68 ft. high, measured from high- 
water mark. Two of the spans, or super- 
structures, of the rectangular piers are 
already placed, while more are about ready. 
Four pier foundations are finished, which 
are the most tedious part of the work. The 
new plan adopted in the construction of 
these piers, which joins the two cylinders 
into one, gives great compactness and 
strength in the simplest way. The laying 
of the first six or eight pier foundations is 
made more difficult from the depth of water, 
which at full tide is about 32 ft. and 18 ft. 
at low tide. The brilge is for a single line. 


Coatine of nickel adds so much to the 

beauty and durability of most objects 
made of cast iron, wrought iron and other 
common metals, that the following process, 
published by Stolba, must prove very valu- 
able if the deposit is at all equal to that 
produced by ordinary plating. A quantity 
of concentrated chloride of zine solution is 
placed in a clean metallic vessel, and to 
this is added an equal volume of water. 
This is heated to boiling, and hydrochloric 
acid is added drop by drop until the precip- 
itate which has formed on adding water has 
disappeared. A small quantity of zinc 
powder is now added, which produces a 
zinc coating on the metal, as far as the li- 
quid extends. Enough of the nickel salt 
(chloride of sulphate) is then added to color 
the liquid distinctly green; the objects to 
be plated are placed in it, together with 
some zinc clippings, and the liquid is 
brought to boiling. The nickel is precipi- 
tated in the course of 15 minutes, and the 
objects will be found to be completely coat- 
ed. The coating varies in lustre with the 
character of the metallic surface; where 
this is polished, the plating is likewise lus- 
trous, and vice versa. Salt of cobalt af- 
fords a cobalt plating, which is steel grey 
in color, not so lustrous as the nickel, and 
more liable to tarnish. 





‘be ERE are 17 pneumatic tube lines in op- 
. eratiun in London, varying in length 
from 980 yards to 29 yards. 
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II. 


A REVIEW OF THE MOST IMPORTANT CHANGES 
FROM THE OLD TO THE PRESENT APPLI- 
ANCES USED IN ARTESIAN DRILLING. 


Whatever overestimate may at any time 
have been placed upon the business of oil 
producing, the remarkable génius and self- 
reliance of the operator himself in the rapid 
improvement of the machinery used for the 


purpose, merits well our interest and atten- | P® 


tion. 

When this advance is fully understood, 
justice to the operators cannot fail to con- 
cede that, as a class, they are men of more 
than average capacity ; the art of Artesian 
drilling and pumping has with them reach- 
ed a point which, as an old driller remarked, 
“seems perfection itself;” the latest and 
best books on the subject as well as the last 
Encyclopedia are alike waste paper, while 
to look back at the celebrated well of “Gren- 
elle,” in France (so long a standard in deep 
borings), we would find the drillers but 
babes and novices in their calling, and their 
wonderful tools only a poor assortment of 
fantastic old iron. 

Such improvements, too, as have met with 
successful adoption, have been devised in- 
variably by the operators themselves as the 
result of practical experience in supplying 
«a want; the happiest inventions of other 
occupations have often been the work of 
men totally disconnected with them, but 
there is not in use to-day, within the writ- 
er’s knowledge, a single successful improve- 
ment that is the effort of an “ outsider” 
or of the men whom the world regards as 
its brighter lights in science or mechanical 
skill. 

Their operations, nevertheless, are free 
from all superstitious or foolish precedents 
which are so liable to follow a purely prac- 
tical education on any subject; the quarry- 
man, for instance, “slows” his powder with 
sawdust, and feels better for the practice, 
but it is rare indeed to find useless metal 
or wasted motion in the tried appliances of 
the oil country. 

It would hardly be possible within the 
limits of this paper to attempt more than a 
condensed description of that which is prom- 
inently novel, still less so to include all of 
even the most valuable inventions relating 
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at this time to well-boring, and it is with 
no intention to discriminate that the ones 
here mentioned are selected. In fact, even 
a thorough treatise on anything as progres- 
sive as this has been, is liable to be soon 
out of date. 

To understand what has been done let us 
look back to 1869-70. A small 4-horse 
rtable engine, a set of 300 Ibs. drilling 
tools, light band and bull wheels of about 
4 ft. diameter, and a derrick just high and 
strong enough to hold a farm dinner-bell, 
completed the necessary outfit at this time ; 
the wells then were 3 in. holes with a max- 
imum depth of 300 ft. 

A leather bag filled with flaxseed and 
tied around the tubing below the line of the 
surface water, excluded it by the swelling 
of the flaxseed from the oil-bearing rock ; 
but whenever the tubing was drawn, which 
was a matter of constant occurrence, the 
surface water poured at once into the crev- 
ices below. 

For the consideration of the present meth- 
od of drilling, let us divide our subject into 
five parts—the rig, the well, the motive 
power, the tools, and pumping. 


THE RIG. 


The rig is composed of the derrick, band 
and bull wheels, sand-pump reel, sampson- 
post, walking-beam and engine-house. 

The present derrick is built “balloon 
frame,” 12 to 16 ft. square at base and from 
50 to 60 ft. in height, resting on hewed oak 
sills, 12 in. by 18 in., framed and pinned at 
corners ; the four corner posts are of pine 
plank 2 in. by 10 in., spiked together on an 
angle, and connected with cross-ties and 
diagonals of 8 in. by 1} in.; the top holds 
the usual cast-iron derrick pulley and a lad- 
der to reach it is constructed upon one 
side. 

The bull wheel now in use is shown in 
Fig. 1. Four main arms, oak, 8 in. by 2} in., 
pass clear through the shaft and are locked 
and keyed; the false arms between, 2 in. by 
6 in., wedge upon each other at the shaft and 
are firmly held by the three thicknesses of 
pine boards forming the outer rim. 

The total length of oak shaft is from 10} 
to 12 ft., diameter 13 in., length between 
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wheels 6 to 7 ft., diameter of wheels 6 to| The brake is a simple iron strap or rope 
7 ft., bearing pin on ends 2} in. by 4 in. applied as shown in Fig. 1., and a wooden 
The manner of securing the iron bearing | pawl is used to fall from above against the 
pin and plate to the end of the oak shaft is | arms as a permanent stop when desired. 
shown by Fig. 2. In the band wheel but little change ix 





apparent except that of increased size, the | of the wheel is 9 in. and the whole is built 
present diameter being about 7 ft. and the | of inch pine lumber, surfaced to a uniform 
rope pulley wheel on the side 5 ft.; the face ! thickness. 





The grooves of the rope pulleys on both ' are firmly mounted on the shaft, and revolv- 
band and bull wheels are made of hard ed on temporary bearings. 
wood, and to insure a perfect outer circle, The sand-pump reel has, until recently, 
the edges are turned off after the wheels been an apparently awkward and clumsy af- 




















fair; acting as a friction pulley against the 
band wheel, with the bevelled face necessi- 
tated by the different angle of the shaft, its 
tendency was to self-destruction even when 
most carefully and securely fitted up; the 
style shown in Figs. 3 and 4, is perhaps the 
best means of obviating these difficulties, 





the iron rim, as will be seen by the section 
shown in Fig. 4, being kept and adjusted 
by the bolts firmly in place on the arms. 

A solid wheel of hard wood with wooden 
keys is sometimes used, also a piece of casing 


THE WELL. 


To Col. Drake we are indebted for the 
invention of the driving-pipe, which, if pat- 
ented at the time, would have given him the 
fortune his pluck deserved. As a means 
of passing through the soft earth overlying 
the rock, it probably will never be excelled ; 
the only prominent change made is the in- 
crease of diameter, which for ordinary drill- 
ing is at present 8 in. 

Who first used casing in a well? is a nut 
the lawyers are cracking at present. 

Putting down a thin iron pipe of 55 in. 
diameter, below the lowest fresh water vein, 
and retaining the water by a seed-bag or 
water-packer, between the outside of the 
pipe and the wall of the well, enables the 
driller to proceed in his work without stop- 
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with bearing pins in the end, and an ordi- 
nary cast-iron pulley-wheel keyed upon it. 

The shaft shown in Fig. 3 is of oak, about 
8 ft. in length, 8 in. in diameter, and with 
bearing pins of the pattern shown in Fig. 
2, the arms of the wheels passing throug): 
the shaft. 

The sampson-postand walking-beam have 
gradually increased in size until the one is 
a post of 20 in. square, and the other from 
20 to 24 ft. in length with a section at the 
centre of 30 by 18 in. 

The great weight of the walking-beam, 
has perhaps somewhat of the effect of a fly- 
wheel, where a fly-wheel nevertheless is not 
found to be a practical success. 

The utmost care is shown in making the 
foundation of the sampson-post and ban«l 
wheel frame perfectly solid and substantial ; 
two long hewed oak sills for the latter, not 
less than 12 in. by 20 in., pass clear under 
the derrick sills, the posts, cap and braces 
of band wheel frame, as shown in Fig. 5, 
being of pine, 10 in. by 12 in., the caps 


bolted through to the sill. 





|page or annoyance, pouring in from the 


surface such water as he may need, and 
when the well is completed, to take his tub- 
ing in and out of the well at pleasure, still 
keeping the fresh water permanently from 
the oil-bearing sand. 

In fact, the entire operations of drilling 
and pumping are carried on through the 
casing, and not until a well is finally aban- 
doned is the casing drawn. 

In this connection the Griffin water pack- 
er, Fig. 6, is a wonderful improvement on 
the bag of flaxseed formerly used; as will be 
readily seen, the weight of the column press- 
es the leather against the sides of the well, 
forming an effectual stoppage; by means of 
a left-hand screw it can be loosened in a 
few minutes, and drawn out of the well 
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without difficulty ; that anything so simple 
should avoid the miseries and expense long 
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attendant on the seed-bag, cannot fail to 
provoke a quiet laugh. 


VAN NOSTRAND’S ENGINEERING MAGAZINE. 





MOTIVE POWER. 

Of the countless patterns of engines and 
boilers that flooded the oil country in 1865, 
not one has stood the test of time; those 
few from abroad who compete to-day in the 
trade, have been compelled to conform their 
work especially to its requirements. 

The propensity of the oil producer to 
have everything made at home is hard to 
contend against, especially when it is sup- 

| ported by the spirit and enterprise of man- 

/ufactories such as the “Titusville Manu- 
facturing Co.,” and the “ Novelty Iron 
Works,” two immense establishments and 
first-class in every way. 

Fig. 7 is the plan of an engine, one of 
several styles, comprising in the main the 
most desirable features of a drilling engine, 

/among which may be included, durable 
alignment, simplicity of construction, and 
an adjustable cut-off, permitting close econ- 

‘omy in the use of steam; while it takes the 
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full power of an engine to drill and draw 
tools expeditiously, it requires but a small 
fraction of that power to pump, so that, 
when one boiler is furnishing steam to pump 
three or four wells, it is essential that each 
engine should take the minimum amount 
required. This is accomplished by a link 
motion of the etcentive, where, by adjust- 
ing the link, the steam will follow the pis- 
ton from one-fourth to five-sixths of the 
stroke, working the balance of the stroke 
by expansion. 

The engines now in common use are from 
12 to 15 horse-power, the boiler from 15 
to 20—to give ample steam for drilling and 
to: pump a number of welis when completed; 
the steam-pipes to the several engines be- 
ing covered by a wooden pipe, or boxed 


with some non-conductor of heat to prevent 
condensation. 

A very novel method of transmitting 
power to distant wells from one engine and 
boiler, is that of belting long distances by 
means of wire rope; it has been most suc- 
cessfully used by Mr. Stiles, of the “ Vol- 
eano Oil Co.,” West Virginia, in one in- 
stance running a well 600 ft. from the boil- 
er, with a remarkably small loss for friction. 


DRILLING TOOLS. 


An old set of tools (unused) made in 
1864, and weighing 300 lbs., were lately 
sold as old iron, in Titusville, for the sum 
of $15, the original cost being $350. 

A set of tools to-day weighs from 1,800 
to 1,900 Ibs., and costs from $300 to $350. 














They consist of a temper screw, rope 
socket, auger stem, sinker-bar and substi- 
tute, the jars, two bitts, a round and flat 
reamer and two wrenches. (See Fig. 8.) 





The temper serew varies little from for- 
mer use except in size, the present total length 
‘being about 5 fit.; the details of its construc- 
tion are fully shown by the cut. The au- 
ger stem, sinker-bar and substitute are re- 
spectively 24, 14, and 5 ft. in length; the 
substitute being used in starting the well. 

They are made in the body of common 
round iron (24 to 3 in.), with boxes and pins 
of Norway ivon. Pins are 27 in in length, 
23 in. diameter, 8 threads to the inch, and 


with the least possible taper to prevent be- | 


ing loosened by the constant jar, which has 
also the tendency to crystallize the iron in 
the pins and boxes; making it necessary to 
renew them atintervals. The jars are made 
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entirely of Norway iron (2 in. thick), with 
the exception of the inner faces and ends 
of the slotted openings, which are lined 
with steel; the whole being heated red-hot 
and carefully annealed to effect a thorough 
union of the metals. The stroke of the jars 
has been reduced to 12 in., and their total 
length is about 6 ft. The bitts are made 
of Norway iron with 40 lbs. of Sheffield 
steel on the point, which is drawn to a width 
of 53 in., more or less, according to the 
depth of the well. 

The flat and round reamers are made also 











of Norway iron with more steel on the point. 
| There are also extra tools for various pur; 
| poses. 
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The hollow reamer (Fig. 9), for straight- 
ening a crooked hole, will explain itself. A 
spud or spoon for enlarging the well around 
a stuck tool, is simply half a hollow reamer ; 
a slip socket, to drop over the head of a tool 
that is fast, with dogs or teeth to drop out 
and catch under the collar; a horn socket 
or tapering iron tube, to drive and wedge 
upon the head of any fastened iron,—all 
these, with many others, often specially de- 
vised and constructed for the occasion, are 
too numerous to be included in this paper. 

The cable used is a 6 in. untarred manilla 
rope, only heavier than formerly, to meet 
the increased weight of the tools. 

The wire rope has not yet been made that 
will answer for drilling purposes, as none 
are sufficiently pliable to use on the shaft of | 
a bull wheel, and to increase the diameter | 
of the shaft would cause loss of power. 





The sand pump shown in Fig. 10 com- 
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bines two advantages,—first, the valve with 





a drop-stem to open it on reaching the bottom 
of the well; and second, the piston, which 
keeps its place, at the bottom of the pump, 
while being lowered, but when drawn up, 
fills the pump by its suction with the loose 
sand and water. 


PUMPING. 


The main improvements under this head 
may be included in the two items of valves 
and sucker rods; without wishing to slight 
in the least the valuable pumps of various 





kinds that are in use, the majority of wells: 
are at present pumped with plain working; 
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barrels and valves, of which three styles | appear as simplicity itself, and he will see 
are shown in Fig. 11. little ground for the merit and skill that 
The four-cup valve is quite durable and | they claim to indicate; but if he was not in 
much used; it has four leather cups as | “oil” in 1865, he must remember that the 
shown, which can be renewed when worn;} pathway to this success, like all others, is 
when gas is strong the second, or “Crocker” | strewn thick with failures—failures, too, so 
valve is preferred, the “ Allen” valve next; | disheartening, that nothing but the purest 
it is a water-packer, and has been in use for | grit backed with untold self-reliance could 
years. The ordinary standing valve is | overcome. 
placed as usual in the bottom of the work-| As an instance of this, it may be stated 
ing barrel. that probably not less than five hundred 
The two styles of sucker-rod joints most | different patterns of engines have been used 
used at present, are shown in Fig. 12. The | in the region since the first well; and that 
rivets in the old fish-tail joints were con-| the inventions upon every other branch of 
stantly dropping into the working barrel; to| the subject are proportionately numerous, 
remedy this, Mr. Innis gives us a joint with- | the records of the Patent Office will bear 
out any rivets, where the wood is driven | ample witness. 
into the metal socket and widened with a} The next great problem that will engage 
wedge, and the joint of Mr. Hunt, made | the attention of oil-men, will be to overcome 
by driving the socket firmly into the wood, | the great expense attendant upon the sink- 
and passing two rivets in opposite direc-|ing and pumping of deep holes; until this 
tions; there being no cross strain on the | is accomplished the extension of the south 
rivets to tear off the heads, and the holes! line of the Pennsylvania oil regions will 
for the rivet in the socket being reamed | daily become more difficult. 
with a flare, so that the head of the rivet| In conclusion, the writer desires to im- 
does not project above the face of the socket, | press the fact that the special instances here 
and therefore cannot be worn off by abra- presented are the successful result of years 
sion with the sides of the tubing; both are | of thought and experiment in each particu- 
equally good rods, and satisfactory in every | lar case, that their value lies in that fact, 
way. and that they comprise, perhaps, the essence 
The body of the sucker rod is made of| of modern artesian drilling. 
the best upland ash, 1} in. in diameter; To any one seeking for accurate details 
when dressed, and in length of from 24 to| of the hundreds of auxiliary devices, a visit 
28 ft. | to the country itself would be essential and 
To the casual reader all these things will ' ‘highly profitable. 








WINDING ENGINES. 


From “ Engineering.” 


The rapidly increasing depth of many) driving ventilators, 30; for coal-washing 
collieries makes it highly desirable that their | machinery, 13; and for man engines, 6. 
winding arrangements should be as safe as| A great number of the coal-pits, particu- 
economical, and some of our readers may | larly in the northern districts, towards 
therefore feel interested in a brief account| which the coal measures uniformly dip, 
of the rolling principles which are adopted | have already reached a depth of over 150 
in this respect in one of the greatest colliery | fathoms, and are fast approaching the 200 
districts of the Continent, namely, in West- | fathoms level; such, for instance, are the 
phalia. The coal basin of the Ruhr com-! mines, Oberhausen, Pluto, Nordstern, Courl, 
prised in 1870, 224 mines actually working, | Margaretha, Hibernia, Von der Heydt, and 
and giving employment to 52,160 miners.| others. Good and economical winding 
The quantity of coal raised, was 11,812,529 | arrangements have consequently become 
tons, worth £3,500,000 at the pit’s mouth. | for them a question of great importance, 
The number of steam engines was 578, of and all improvements are carefully watched 
61,778 horse power ; of which were em- | and tried in the district. We may remark 
ployed in pumping, 199; winding, 304; | here, however, that the mines just mention- 
pumping and winding combined, 28; in | ed, although undoubtedly deep, will scarcely 
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compare with many pits now being worked 
in this country, or with the still greater 
number of deep Belgian mines. For in- 
stance, there are inthe Lancashire district 
the Pendleton, the Douglas Bank, and the 
Worthington pits, all about 300 fathoms 
deep, while there is the Dukinfield, with a 
depth of nearly 350 fathoms, and the Rose- 
bridge Colliery, now the deepest mine in 
England, with a depth of 2,418 ft., or over 
400 fathoms. In the Durham district there 
are several collieries, such as the Seaham, 
the Monkwearmouth, the Ryhope, ete., with 
depths of from 250 to 300 fathoms, while 
in Belgium the enormous depth of 3,489 ft. 
has been reached in the case of the Simon 
Lambert pit. This colliery is, however, we 
believe, not now being worked. 

In order to facilitate the inter-communi- 
cation of experience and the discussion of 
new arrangements, the mining engineers of 
Westphalia have formed themselves into an 
association—the Verein Tecnischer Gruben- 
beamten—which meets every two months 
in one or the other towns of the coal dis- 
trict, when papers on technical or other 
subjects of interest to coal mining are read 
and discussed. At the meeting held on 
February 18th last, at Dortmund, a paper 
was read by M. Erdmann, “On the more 
Recent Arrangements for Winding in 
Shafts,” which found general approval, and 
of which we propose to give some parti- 
culars. 

In selecting machinery for winding pur- 
poses in deep shafts, three principal mat- 
ters have to be considered: 1. The possi- 
bility of raising a maximum of stuff. 2. 
The guarantee for obtaining the maximum 
of safety. 3. The greatest possible econom- 
ical saving, or the minimum of expense. 
The quantity of stuff raised in a given time 
from a certain depth depends on the time 
required by the banksmen for running the 
tubs or wagons in and out of the cages, 
the speed of driving in the pit, and lastly, 
the quantity of coal to be raised with each 
draw or lift. The loading and unloading 
of the cages takes least time when the tubs 
can be placed in the cage side by side, 
and it is considered by M. Erdmann that in 
new pits the arrangements should be made 
so that four wagons can be placed on the 
same platform or deck, one pair behind the 
other. When the area of the shaft does 


not admit of such an arrangement, cages, 
with several tiers or decks must be em- 
ployed, but then special platforms should 








be provided for every tier to allow all tubs 
to be run out simultaneously, and to avoid 
a repeated lifting or lowering of the cage at 
each draw. The signals, which are used 
to communicate between the bottom and 
the bank, are of considerable importance 
for shortening the time during which the 
winding machinery is standing still ; electric 
signalling apparatus, such as that of Dr. 
Gurlt, having the preference. The driving 
speed in the shafts has in many instances 
reached 30 ft. a second, and it appears 
that this is considered near the obtainable 
maximum, so that little more can be ex- 
pected in that direction, if regard be paid to 
the necessary safety, However, the quan- 
tity of stuff raised at each draw can, in 
most cases, be advantageously increased ; as, 
compared with the dead weight of the cage, 
rope, and tubs, it forms only a small frac- 
tion of the whole weight. This dead weight, 
M. Erdmann considers, can be materially 
lessened by the use of tapering pit ropes, 
and many existing engines could thus be 
made capable of lifting a larger amount of 
coal than they can do now with even ropes. 

The facility of starting the engine has 
again a great influence on the maximum 
lifting power obtainable. With powerful 
engines, lifting valve gear is, in the Ruhr 
district, generally preferred to slide gear, 
the latter requiring too much power, and the 
arrangements with a supplementary steam 
cylinder for reversing, etc., which is very 
well for heavy marine engines, having end- 
ed in failure with winding engines. The 
valves are occasionally also a source of 
annoyance, particularly when they stick, in 
consequence of water having fond access 
to them ; however, this can be avoided by 
adopting suitable arrangements of discharge 
valves. The rotating parts of the machinery, 
M. Erdmann considers, should be construc- 
ted as light as possible, in order to lessen 
the vis viva, and to facilitate the stopping 
of the engine in the shortest possible time. 
It is very important that all parts of the 
engine should be seen by the driver, and 
horizontal engines, offering the greatest 
advantage in this respect, have been gener- 
ally adopted in the Ruhr district. The 
diameter of cylinders should be great—36 
in. to 42 in. seems to touch the advantageous 
maximum—and the engines should be 
direct-acting. With new shafts two en- 
gines should always be employed, as is the 
case in the Saar district, one acting as a 
reserve, and being generally used only for 
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the transport of the miners. The greater 
security in working the shaft, and the time 
saved for raising coal by the ordinary en- 
gine, amply repays the increased outlay. 
The steam to be used must be raised to 5 
or 6 atmospheres, and the boilers construct- 
ed accordingly. 

With regard to the greatest possible 
safety in pit winding, a rigorous supervis- 
ion of the shaft and engines is the chief 
requirement, as most accidents can be tra- 
ced back to irregularities in the shaft, or 
the carelessness of the engine driver. The 
elasticity of the pit ropes is also a condition 
of safety. Inelastic and brittle ropes are 
entirely inadmissible, as from even small 
hindrances in the pit they are subjected to 
shocks, the important action of which few 
have considered, but which, however, can be 
readily calculated. Steel ropes, offering 
up to their breaking load only an elonga- 
tion of 4 per cent. as compared with iron 
ropes, which will allow 20 per cent., are 
considered by M. Erdmann to give less 
safety, and the latter should be preferred. 
Their flexibility has a great influence on the 
wear and tear. Ropes made from hemp, or 
aloe fibre, are more flexible thaniron ropes ; 
they compare, however, to their disadvan- 
tage for their less strength in proportion 
to their weight. The flexibility of iron 
ropes can be increased by using very thin 
wire, and a diameter of 5 millimetres (= 
about 0.2 in.) should not be surpassed. 
For the same purpose the diameter of the 
drums, and sheaves, or pulleys, may be in- 
creased ; the former are generally in the 
Ruhr district not less than 17 ft., and the 
latter 10 to 12 ft.; however, for the sheaves 
it is commendable to give a greater diam- 
eter. It is a rule to give to drums and 
sheaves a diameter 1,000 times greater than 
that of the wire, that is for 5 mill. wire 16} 
ft. The groove of the sheaves is best turned 
after the sheaves are mounted in their 
frames, in order to offer the least friction 
to the rope. 

The guides down the shaft are to be 
fastened with great care, screw bolts being 
used. As most of the safety catches, as 
those of Calow, Libotte, White, and Grant, 
etc., are constructed with claws, the guides 
are generally made of timber; however, M. 
Erdmann considers that guides of iron rails 
are preferable, and they allow the applica- 
tion of Hoppe’s safety catch with wedge 
brake, which has proved to be a great suc- 
cess, and does not arrest the falling cage 








with a sudden grip in the timber, but by a 
gradual and sure action of the wedges 
upon the iron guide. The cage is thus 
brought to a stand-still without any violent 
concussion, in the same way as the speed 
of a railway train is lessened. In order to 
avoid overwinding, the pit-head frames 
have to be made sufficiently high; or be- 
tween the rope and the connecting chains 
of the cage, claws or shears are to be applied, 
which will open at a certain height above 
the bank, or a self-acting steam brake may 
be used, in which case the brake ring 
should act direct upon the winding drum, 
in order to avoid the strain on the crank 
shaft. 

As regards the construction of the driving 
engines, twin-engines with horizontal cyl- 
inders merit the preference before all 
others, particularly before beam engines. 
Attention must be paid that their founda- 
tions are very strong; a height of 12 ft. 
will be sufficient in most cases. The use of 
large blocks of stone is not anywhere so 
much followed as formerly, masonry in 
|cement being much substituted for them ; 
however, this should not go too far. M. 
Erdmann recommends that good _ solid 
blocks of hewn stone should at all events 
be used for the fastening of the foundation 
bolts, it being a well-known fact that ce- 
ment loses much of its tenacity when fre- 
quently exposed to the action of fatty or 
oily matters. It is well to use horizon- 
tal bolts besides, to keep the foundations 
firmly together. The frame of the engine, 
M. Erdmann considers, should be made of 
wrought iron, for its greater strength and 
elasticity, which make the occasional break- 
ing of the frames less probable than if they 
were made of cast iron; however, frames 
of the latter material may be admitted, 
provided that they are sufficiently strong. 
The chief foundation bolts should not stand 
vertically, as was formerly the custom, but 
they should diverge downwards, and thus 
gain a greater resisting surface. Many 
working parts of the engine, piston-rods, 
levers and bolts are now made of cast steel; 
M. Erdmann, however, does not consider it 
advisable to construct the main crank shaft 
of that material, because cast steel worked 
out in such large blocks readily loses its 
strength. _Wrought-iron shafts for engines 
with spiral drums, constructed for a depth 
of 250 fathoms, should not be less than 1 
in. diameter, as the shaft should not only 
offer sufficient guarantee against breaking, 
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but should not bend in the least, a failing 
which would be indicated by the bearings 
running hot. The adoption of double 
eccentrics for forward and backward gear 
is necessary to regulate the retardation. 
The piston is to be guided by the rod which 


passes through a stuffing-box in the back | 


cover, and rests ona slide block. As a 
matter of course, the care of the engine 
must only be confided to really reliable 
persons, and the expense for an auxiliary 
engine-driver should never be feared when 
a great amount of regular and good work 
is required. 

As to the economy of winding in shafts, 


M. Erdmann remarks that it may be taken | 


as generally true that the most expensive 
arrangement proves itself to be the cheapest 
in the long run; however, a perfect com- 
pensation of the weight of both ropes is the 
principal condition for economical pit wind- 
ing. This compensation may be approxi- 
mately effected by the use of flat ropes, and 


SKETCH OF THE PLANS AND 


la minimum diameter of the rope-roll or 
drum of 42 in., while conical drums with 
| inclined sides of 30 deg. are hardly more 
| economical to a depth of 100 fathoms. For 
‘any depth above that, spiral drums are to 
be recommended, and they offer an advan- 
tage of 25 per cent. in fuel over all other 
systems, when combined with direct-acting 
engines, and worked with expansion 
gear. A few condensing engines are still 
in use for winding purposes in the district 
of which we have been speaking; and 
it is considered by M. Erdmann to be 
'an open question, whether condensation 
could not be reintroduced with advantage 
wherever condensing water is to be had, 
particularly so as some of the older engines 
‘have given very fair economical results. 
'To avoid the drowning of the air-pumps 
'while the engine stands still, a separate 
| steam-pump has been used with advantage, 
and future trials may still be recommended 
in that direction. 


| 


PROGRESS OF THE DETROIT 


RIVER TUNNEL.* 


By E. 8. CHESBROUGH. 


The first suggestion of a tunnel under 
the Detroit Rivert for railroad purposes 
was made to me about five years since by 
Mr. James F. Joy, President of the Michi- 
gan Central Railroad, with the request that 
the feasibility of the project might be as- 
certained as soon as convenient. In Janu- 
ary, 1869, a report, accompanied by plans 
and estimates, was presented to that gentle- 
man. From these are taken most of the state- 
ments in this paper, so far as they relate to 


stream, further operations were necessarily 
confined either within the limits of the city 
or above it. 

Careful examinations were made above 
the line first surveyed, by boring on each 
side of the river. When good ground was 
found on each side at points opposite each 
other, borings were made in the river be- 
tween; but it was not until the vicinity of 
the Detroit and Milwaukee Railway Depot 
was reached, that ground considered safe, 





what was done previous to the actual com- | 
{ 


mencement of the work. 

In the preliminary examinations the first 
attempt was made to get a line at right- 
angles with the river, not only across the 
stream itself but between the extremities of 
the approaches on each side. To avoid as 
far as possible damages to valuable prop- 
erty, the lower side of the city was select- 
ed. But boring showed very unfavorable 
ground there, and as the bed rock in that 
vicinity lies too near the surface for conveni- 
ence, and is still nearer lower down the 





® A paper read before the American Society of Civil Engi 
neers. 

tAll who are familiar with the Detroit River know that at 
the particular point where the tunnel is located, it is about 
half a mile wide, and runs from west to east or very nearly so, 


entirely across the river, was met with. 

A perfectly feasible line could be obtain- 
‘ed entirely above the city, where the 
| ground is very favorable ; but in consequence 
‘of a greater length of tunnel and consider- 
ably longer new track being required, noth- 
ing could be saved in expense by it, and 
much lost in convenience; for the line 
adepted makes the utmost possible use of 
existing depot grounds of the Michigan 
Central Railroad on the Detroit side, and 
will not require a great sacrifice of the sta- 
tion buildings and tracks of the Great 
Western Railway on the Canada side. 
These two companies are the parties most 
interested in the enterprise. 

The line as finally determined upon com- 





} 
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mences at the Michigan Central Railroad 
passenger station, passes for a considerable 
distance along Jefferson avenue under the 
southwest corner of the Biddle House and 
the east end of the freight house of the 
Detroit and Milwaukee Railway, crosses to 
the other side of the river about half a mile 
above the terminus of the Great Western 
Railway, and unites with that road about 
one and a half miles further on, making the 
entire length of track between the two 
roads a little less than three miles. The 
length of tunnel is to be about 8,600 ft. 
(3,000 of which is under the river). The 
least curvature on this portion of the line 
is 2,300 ft. radius, and the steepest grade, 
1 in 50. 

Although the borings indicated favorable 
ground along the line adopted, except that 
possibly there might be a very troublesome 
amount of water from land springs, or 
springs having their source higher than 
the river, it was deemed prudent to avoid 
all risks as far as possible in planning the 
details of the work. For this reason, it 
was determined to have not less than 20 ft. 
of roof between the top of the masonry and 
the bottom of the river. In no case, as far 
as could be ascertained, would there be less 
than 12 ft. of stiff clay immediately above 
the tunnel. 

To diminish the risk still further, it was 
determined to make two single track tun- 
nels, circular in form, with eighteen and a 
half feet interior diameter, instead of one 
large enough for a double track. By careful 
estimates, the first was found to be no more 
expensive than the other. Besides, for 
some years, one track would probably be 
sufficient, perhaps long enough for the sav- 
ing of interest to build another—at least to 
go far towards it. This size of tunnel was 
—— to give room enough for the largest 
Pullman car on either of the connecting 
roads. 

The cirevlar form was adopted, because 
of its greater safety in case a soil should 
be met with disposed to swell like the Lon- 
don clay. Mr. Storrow, in his Hoosac 
Tunnel Report, describes a case of this kind, 
in which, after two attempts to line a tun- 
nel of the usual or horse-shoe form, with 
masonry, the circular form was finally 
adopted. The lining is to be of brick 
masonry, laid in cement, generally 24 in. 
thick under the river and 18 in. on land. 

It is proposed to place the two tunnels so 
far apart under the river, that in case the 


second one should be delayed till after the 
completion of the first, an accidental cave 
would not endanger the stability of the one 
in use. 

Experience in the construction of the 
river tunnels in Chicago teaches not only 
the convenience, but the necessity of a 
drainage tunnel for a least half the distance 
across the river, in a work like this. It 
has been thought best to make it entirely 
across the river for the Detroit tunnel, and 
for the following reasons : 

First.—It would be of great convenience 
and value, if much water should be encoun- 
tered in the construction of the main tun- 
nels. 

Second.—It would serve a very valuable 
purpose as a reservoir, should the machinery 
for pumping out the main tunnels happen 
to be disabled at the commencement of a 
great flood of rain falling in the open ap- 
proaches at the ends of the tunnel, an 
occurrence that has taken place already 
more than once in Chicago. 

Third.—As the main tunnels must neces- 
sarily be curved part of the way under the 
river on each side, the drainage tunnel, 
after its completion, would form a most 
satisfactory base of alignment. 

Fourth.—tThe shafts at each end of it 
could be made to serve as working shafts 
for the main tunnels during their construc- 
tion, and for ventilating purposes after- 
wards, should that be found necessary. 

Fifth—aA reason that did not occur 
originally, but is now quite apparent: it 
would afford the means of shortening the 
time necessary to complete the main tunnels 
under the river, and consequently the whole 
work one-half. This could be done by com- 
mencing operations at two points under the 
river, equidistant from each other and from 
the shore shafts. In this way, six working 
faces instead of two could be obtained, so 
that an average progress from each face of 
but 2 ft. a day would insure the com- 
pletion of the work in something less than 
a year. Of course, on each side of the 
river as many shafts could be sunk as 
might be found necessary to complete the 
land portion of the work as soon as that 
under the river. 

The open approach on the Detroit side 
fortunately occurs in a wide avenue, and is 
situated between two streets, so that very 
little, if any, inconvenience will result to 
the public travel. It will be 26 ft. wide, with 





vertical retaining walls on each side. The 
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‘Canada approach occurs in an open plain, 
and will be a simple earth excavation, ex- 
cept at and near the portal, which is to be 
in 57 ft. depth of cutting. 

The estimated cost of the whole work is 
$2,650,000. This estimate was based upon 
the supposition that no machines would be 
used in removing the earth except to hoist 
it up the shafts. It was thought, however, 
that machinery operated by compressed air 
could be used, and diminish considerably 
the cost of the work. If one quarter of the 
advantages claimed in the “ London Times” 
of January 18th for Brunton’s machine, 
now seriously proposed for boring under the 
Straits of Dover, can ever be realized, the 
cost of tunnelling through firm ground will 
be greatly diminished. 

It was recommended that the drainage 
tunnel be constructed before soliciting 
proposals for the main work, so that con- 
tractors might feel more certain of the na- 
ture of the ground, and thus be disposed 
to make lower bids than they otherwise 
would. This recommendation has been 
adopted by the companies chartered both 
in Michigan and in Canada. 

Both shafts have been sunk to the bed 
rock. On the Detroit side this reaches to 
the bottom of the sump, or about eight and 





shaft, confirms the belief that across the 
river the different layers of earth, except 
when cut away by the stream, are uniform 
in thickness down to the hard-pan, and dip 
slightly towards the south. 

The principal precautions deemed impor- 
tant in the prosecution of the main work 
are these : 

‘irst.—To require the contractors to 
have constantly a force composed, in part 
at least, of skilled laborers accustomed to 
mining in difficult ground, should it be met 
with. 

Second.—The use of a skeleton shield of 
iron or steel, which in case of necessity 
could be fitted out in front and around the 
sides of the excavation in advance of the 
masonry. 

Third.—Frequent probings or borings in 
front and on the sides, to give warnings of 
the proximity of bad ground. Even should 
there be no difficult ground to pass through, 
these borings would probably prove a safe- 
guard in drawing off large volumes of gas 
gradually, and thus prevent serious, if not 
fatal, explosions. This course was found 
advisable in the construction of the Chicago 
Lake Tunnel. 

Fourth.—The use of a large tarpaulin on 


‘the bottom of the river immediately over 


a half feet below the bottom of the drainage |the workmen. This was successfully used, 
tunnel. On the Canada side the bed rock |if my memory is correct (the late fire in 
is only two feet below the bottom of the | Chicago destroyed my books of reference), 


drainage tunnel, and the sump will be sunk 
a few feet init. From the Detroit shaft 
the drainage tunnel has been carried a 
little more than 600 ft. out under the river, 
and from the Canada shaft a little less than 
100 ft., or about 700 ft. in all. The Canada 
shaft was not commenced for several months 
after the Detroit one was begun. 

The rate of progress in this work has 
thus far averaged not more than one half 
that which was expected, owing to the very 
hard ground, composed partly of boulders. 
On neither side of the river, however, does 
the layer of boulders extend so high up as 
the bottom of the main tunnel, and only a 
few feet of its lowest portion will be in 
hard-pan. The ground passed through in 
each shaft shows a great correspondence in 





in passing a breach that had been filled 
with bags of sand in the Thames Tunnel, 
and it is believed could be equally useful in 
preventing a breach. It would require the 
employment of divers, who could also be 
very usefully occupied a great part of the 
time in probing the bottom of the river just 
in advance of the work to discover any deep 
pits or pockets of sand or silt that might 
exist. 

The question has often been asked if it 
would not be cheaper and better to construct 
a bridge across the river at Detroit than to 
make a tunnel under it? Some engineers 
have looked into the probable cost of a 
bridge, and believe it would be preferable, 
both on account of the greater economy in 
cost of construction and in maintenance 


position and character, from which it is in- afterwards ; but this question has been set 


ferred that the excavation of the main tun- 
nels, under the river especially, will be 


| 


at rest for the present by the absolute 
refusal of the Canadian Parliament to grant 


through a stiff but easily worked blue clay. | a charter for a bridge so long as a tunnel is 
The fact that a seam separating two slightly | considered practicable. 


different kinds of earth has been in sight 


Mr. Charles H. Fisher: I would ask Mr. 


most all the way thus far from the Detroit | Chesbrough if he would favor the use of the 
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same tools and methods with which he 
made the borings ? 

Mr. Chesbrough: The borings were made 
with a wood auger,* such as I used in the | 
construction of the lake tunnels here in | 


Chicago, with which specimens from 
different depths were brought up. Of 


course, there was doubt whether these al- 
ways came from the depth to which the 


auger was sent down, but we found after- | 


wards that it was so in every case. The 
material which was drawn up with the 
auger came from the point where the auger 
ceased to be turned round. In Detroit we 
have practically relied upon this; but 
where, however, there is doubt, it would be 
best to sink a tube such as is put down for | 
artesian wells; but little of which has been | 
done. The auger we used was one and a 
quarter or one anda half inches in diameter, 


and is large enough if the joints are prop- | 
A very good quality of iron is | 


erly made. 
required to withstand the torsion. 

A Member: Will the material always 
stick to the auger if hauled through water ? 


| Mr. Chesbrough: Not if it is very soft. 
In such cases we used a tube made of 
| wrought iron; but when the auger stopped 
|in stiff clay we could rely upon it. 

A Member: Did you have to remove the 
auger frequently ? 

Mr. Chesbrough: We generally drew it 
up once in about 10 ft. and it usually 
brought up the whole strata. In some in- 
stances we could not remove more than 6 
in. of the strata, but it was very seldom. 

A Member: I understand that you bored 
that way to a depth of 90 ft. ? 

Mr. Chesbrough: Yes; sometimes 80 or 
| 90 ft. were bored in a little over a day ; 
| again, to get a satisfactory boring it w ould 
‘take a week. Occasionally a boulder would 
|be hit and the rods broken. Of course the 
rod was very long, so that one would think 
| it would break in turning, but it did not. 

Question: If you struck a boulder rock 
you would not succeed ? 
| Mr. Chesbrough: Of course not; boul- 

‘ders would stop progress in that place, but 
| we would try in another. 





THE INTENSITY OF SOLAR RADIATION DEMONSTRATED. 


By CAPTAIN JOHN ERICSSON. 


cg ‘ — 
From ‘ Engineering. 


The illustration on page 367 represents an 
instrument by means of which the intensity 
of solar radiation at the surface of the earth 
has been determined with absolute certainty. 
The computations published by the writer, | 
showing that the temperature of the surface 
of the sun exceeds 4,035,500 deg. Fahr., | 
being based solely on the indications of the | 
actinometer delineated and described in 
“ Engineering,” Sept. 30, 1870, that ques- 
tion has been raised whether the instru- 
ment is reliable. 
the indicated temperature may be the result 
of heat radiated towards the bulb of the 
thermometer by the surrounding casing. 
Some scientific men also contend that, while 
the dynamic energy transmitted by the sun’s 
rays may be accurately measured by ascer- 
taining the number of thermal units devel- 
oped in a given time on a given area, the 
temperature produced by solar radiation 
cannot be determined, owing to the un- 
known influence of the surrounding medium, 
a plausible argument which will be disposed 





* Like that commonly employed for boring wood. 


It is urged that part of | 


of by the following demonstration. Suppose 
|a small spherical body of perfect conductiv- 
ity to be suspended within a large inclosure 
| provided with a perforation in the direction 
of the sun, ay sufficient size to admit a pen- 
cil of rays (a sunbeam) of the same diame- 
‘ter as the sphere. Suppose, also, that the 
temperature of the sphere is 64 deg. higher 
| than the temperature of the inclosure and 
|the air contained within the latter. The 
|convex area of a sphere being four times 
greater than the area of its ‘great circle, 
while the great circle of the sphere which 
we have imagined corresponds exactly with 
the sectional area of the sunbeam entering 
through the perforation of the inclosure, it 
will be evident that the supposed excess of 
temperature, 64 deg., cannot be maintained 
unless the radiant energy of the sun’s rays 
be four times greater for corresponding 
area than the radiating energy of the 
sphere. It will also be evident that, if the 
assumed excess of temperature of the 
sphere gradually falls while exposed to the 
sun’s rays, until it is reduced to 16 deg. 
above the temperature of the inclosure, 
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then the intensity of the sun’s rays cannot 
be more than 4 16—64 deg. Bearing in 
mind that the section of the sunbeam which 
transmits the energy is only 0.25 of the 
convex area of the radiating sphere which 
receives the heat and, in turn, radiates that 
heat towards the inclosure, we cannot ques- 
tion the correctness of the deduction that, 
assuming the rays to be parallel, the in- 
tensity of the radiant energy which enters 
through the perforation of the inclosure is 
four times greater than that which the radiat- 
ing sphere parts with. Again, the intensity 
of the radiant heat of solid bodies being 
a correct index of dynamic energy, it will 
be perceived that the energy transmitted to 
the inclosure’by the radiating sphere at a 
differential temperature of 16 deg. will be 
exactly balanced by the energy transmitted 
by the sunbeam at 64 deg. entering through 
the perforation of the inclosure, the section 
of which is 0.25 of the convex area of the 
sphere. 

The demonstration thus presented, it 
will be admitted, establishes the important 
fact that the temperature produced by solar 
radiation is four times higher that the dif- 
ferential temperature of a small sphere, 
composed of materials of perfect conductivi- 
ty, exposed to the sun, and permitted to 
radiate freely towards an inclosure of great 
extent and uniform temperature. 

Let us now examine the instrument be- 
fore referred to, shown by our illustration, 
which represents a section through the cen- 
tral vertical plane: & p is a spherical ves- 
sel composed of copper, charged with water 
and coated with lamp-black, suspended 
within a spherical inclosure, 0. The latter 
is provided with a circular perforation, a, d, 
to which a diagonal cylindrical trunk, a, g, 
is attached, the spherical inclosure as well 
as the trunk being coated with lamp-black 
on the inside. A thermometer provided 
with a cylindrical bulb, ¢, is inserted diago- 
nally into the spherical vessel; and also a 
rotating paddle-wheel, operated by an axle 
passing through a water-tight stuffing-box. 
A cylindrical vessel, 7, 7, filled with water, 
surrounds the spherical inclosure and trunk, 
nozzles being applied at the top and bottom, 
to which flexible tubes are attached for pass- 
ing a current of cold water through the ves- 
sel. The instrument is mounted within a 
revolving observatory, and attached to a 
table turning on declination axis provided 
with appropriate mechanism, by means of 
which it may be directed towards the sun. 





It will be evident that, if the axis of the 
trunk, a, g, be pointed accurately towards 
the centre of the sun, the sphere, 4, p, will 
receive the whole radiant energy of the sun- 
beams within the tangential lines, k, f and 
Pp, g, the sectional area, as before stated, 
being 0.25 of the convex area of the sphere. 
It will be evident also that, owing to the 
perforation, a, 6, the sphere, k, p, will not 
be acted upon by the full amount of refrig- 
eration produced by the radiation of an un- 
interrupted inclosure. Agreeably to the 
theory of exchanges, the deficiency will, 
however, not be great, since the side, 7; a, 
of the diagonal trunk will radiate as pow- 
erfully towards the sphere as a portion of 
the spherical inclosure corresponding with 
the angular distance determined by the ra- 
dial lines, a,¢ and j,c. But the convex 
surface of the segment, e, ¢, determined by 
the angle subtended by f, c and 4g, ¢, will 
obviously be subjected to far less refrigera- 
tion than an equal surface on the opposite 
side of the sphere. Regarding the exact 
amount of deficient refrigeration consequent 
on the perforation of the inclosure at a, +, 
it will be perceived on reflection that the 
radiation of the inclosure towards the semi- 
spherical surface presented to the sun, will 
be reduced in the exact proportion which 
the convex surface of the segment, e, ¢, 
bears to the area of the great circle of the 
sphere. It will be seen, therefore, that al- 
though the condition coupled with our prop- 
osition has not been complied with, namely, 
that the inclosure (in order to render the 
area of the perforation inappreciable) should 
be of great extent compared with the size 
of the radiating sphere, yet the small ca- 
pacity of the spherical inclosure of our in- 
strument and the comparatively large per- 
foration at a, 6, will not materially reduce 
the radiating power of the inclosure. Be- 
sides, the known angle subtended by the 
radial lines, 7, ¢ and g, ¢, enables us, as 
shown, to calculate the exact amount of 
deficient radiating surface presented by the 
inclosure. 

Several experiments have been made sim- 
ultaneously with the instrument now illus- 
trated, and the actinometer, in order to as- 
certain the precise relation between the 
temperature transmitted by the sun’s rays 
to the radiating sphere, and to the actinom- 
eter the accuracy of which has been ques- 
tioned. Both instruments have invariably 
been attached to the same declination table 
during the investigation, consequently the 




















OF SOLAR RADIATION DEMONSTRATED. 


THE INTENSITY 





radiant heat transmitted to each has been | near an average. Observations made at 
precisely alike. Respecting the instituted | equal intervals of 5 min., from 11 hours 55 
test, it will suffice to record the result of an | min. a. m. to 12 hours 30 min., showed that 
experiment conducted at noon, October 20, | the radiating sphere of the instrument, the 
1871, the solar radiation on that day being | contents of which were effectually agitated 
of nearly average intensity, while the sun’s | by the internal paddle-wheel, attained a 
zenith distance, 51 deg. 40 min., was also temperature of precisely 75 deg., while the 








inclosure was maintained (by a continuous | ory, the temperature of the sphere ought to 
stream of water) at a constant temperature | have been 51.86-—4—12.84 deg., thus show- 
of 61.3deg. Accordingly, an excess of tem- ing a discrepancy, an excess, of 13.7 — 12.- 

perature of 13.7 deg. above that of the in- 84-—0.86 deg. It has already been explain- 
closure was produced by the solar radiation | ed that the sphere does not receive a full 
acting freely on the sphere, the actinometer, | amount of refrigeration, in consequence of 
at the same time, indicating a temperature | the perforation of the inclosure necessary 
of 51.56 deg. Now, agreeably to our the- to admit the diagonal trunk ; hence, the in- 
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THE INTENSITY OF SOLAR 


RADIATION DEMONSTRATED. 369 





dicated temperature of the sphere should 
exceed that which our theory has establish- 
ed. The observed excess, 0.86 deg., is, 
however, greater than it should be in accord- 
ance with the relative magnitude of the con- 
vex surface, e, d, and the area of the great 
circle of the sphere. Referring to the illus- 
tration, it will be seen that, at the point 
where the thermometer is inserted, a con- 
siderable portion of the convex surface of 
the sphere is not subjected to the radiation 
from the inclosure; nor at the point where 
the axle of the paddie-wheel enters. Add- 
ing these surfaces to that of ¢, d, the amount 
of cold radiation, prevented from acting on 
the sphere, will be found to correspond so 
nearly with the excess of temperature ob- 
served, that we are warranted in asserting 
that the temperature indicated by the acti- 
nometer during the experiments has proved 
to be exactly four times higher than that of 
the sphere exposed to the radiant power of 
the sun’s rays, and to the refrigeration caus- 
ed by the radiation from the inclosure. 
Our introductory demonstrations having 
shown that the temperature produced by 
solar radiation is four times higher than the 
temperature imparted to a sphere exposed 
to the sun, and permitted to radiate freely 
in all directions towards an inclosure of low 
temperature, the test instituted October 20, 
1871, proves positively that the indications 
of the actinometer are correct. 
Referring to the tables previously pub- 
lished in “ Engineering,” * it will be seen 
that the maximum intensity of solar radia- 
tion in lat. 40 deg. 42 min., ascertained by 
the actinometer, is 66.2 deg. when the earth 
passes the aphelion. And that, owing to 
.diminished atmospheric depth consequent 
on diminished zenith distance, the maximum 
intensity of solar radiation on the ecliptic 
reaches 67.20 deg. when the earth is furth- 
est from the sun. Now, by a series of acti- 
nometric observations of the temperature 
produced by solar radiation at various ze- 
nith distances, from 17 deg. 12 min. to 75 
deg., I have ascertained that the retarda- 
tion suffered by the sun’s radiant heat in 
passing vertically through the atmosphere 
amounts to 17.64 deg. Consequently, the 
intensity of solar radiation at the boundary 
of our atmosphere when the earth is in 
aphelion, will be nearly 85 deg. Fahr. Fu- 
ture investigations will, no doubt, confirm 
the exactness of this determination of the 


* See MaGazive, Vol. IT., p. 566. 
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intensity of the radiant heat at a distance 
of 218.1 semi-diameters from the centre of 
the sun. The dispersion of the rays at this 
distance, it should be borne in mind, is so 
great that the heat emitted by one square 
foot of the solar surface is distributed over 
218.1°==47,567 sq. ft. of the surface of the 
earth. The fact that, notwithstanding such 
extreme dispersion, the temperature pro- 
duced by solar radiation reaches a thermo- 
metric interval of 85 deg. on the Fahrenheit 
scale, proves the fallacy of the demonstra- 
tion recently published by the French sa- 
vants, showing that the temperature of the 
surface of the sun does not exceed that 
which a chemist readily produces in his 
laboratory. 

The accompanying table is the result of 
observations continued for several years. 
It is based on a maximum solar intensity 
of 84.84 deg. when the earth is in aphe- 
lion, the temperature for each day during 


the year being calculated in accordance with 
the varying distance between the sun and 


the earth. Observations made at different 
seasons, for the purpose of testing the cor- 
rectness of the computed temperatures, have 
proved quite satisfactory. The reader is 
referred to an article on this subject in 
*“ Nature,” vol. v., pp. 46-48.¢ It is scarce- 
ly necessary to point out that our table, to- 
gether with the tabulated statement, show- 
ing to what extent solar temperature is 
modified by zenith distance (published in 
“ Engineering,” vol. x., page 240),t are in- 
dispensable to the meteorologist. Evident- 
ly, an observation of solar temperature af- 
fords no means of judging of the state of 
the atmosphere, unless the effect of zenith 
distance, and of the position of the earth 
in the orbit at the time of making the ob- 
servations, are known. By consulting the 
tables, an observer can detect at a glance 
whether the temperature produced indicates 
a clear sky. It also enables him to deter- 
mine the exact degree of atmospheric ob- 
struction. 


i he Mont Cenis Tunnel is 12,236 metres 
long—nearly eight miles—26 ft. 8 in. 
wide, and 20 ft. high. About 6,000 men 
were employed for nine years in its con- 
struction, and its cost was $13,000,000. 


t See MaGazine, Vol. VL, p. 92. 
+ See MaGazine, Vol JIL, p. 
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EXPERIMENTS ON THE DEFLECTION OF CONTINUOUS BEAMS, 
SUPPORTED AT EQUIDISTANT. POINTS.* 


By JAMES B. FRANCIS, C. E. 


In the case in the deflection of beams, | long, which was replaced in its former posi- 
’ g) I 


“fixed at each end and loaded in the mid- 


dle,” there is a discrepancy in the leading | 


authorities. 

According to Barlow (Report on the Pres- 
ent State of our Knowledge respecting the 
Strength of Materials, made at the third 
meeting of the British Association for the 
Advancement of Science, held at Cambridge 
in 1833), the deflection is two-thirds of that 
in the case, “supported at each end and 
loaded in the middle.” According to Na- 
vier (Resume des Lecons donnees a l’ecole 
des Ponts et Chaussees, sur l’application de 
la Mecanique, ete. 2d edition, Paris, 1833), 
it is one-quarter or three-eighths only, of 
the deflection according to Barlow. 

Not feeling competent to decide which, if 
either, of these eminent authorities was cor- 
rect, and having occasion to apply it in prac- 
tice, I made the following experiments : 

A frame was erected, giving four bearings 
in the same horizontal plane, 4 ft. apart, 


tion and loaded with the same weight (82. 
84 Ibs.) as before, when its deflection was 
found to be 1.059 in., or 3.77 times the de- 
flection when “fixed at both ends and load- 
ed in the middle.” 

Experruent 2.—A bar of iron of the same 
quality and length as ia Experiment 1. 
nearly square, its mean width being 0.553 
in., and mean depth 0.549 in., was laid on 
the same bearings, and loaded with the 
same weights, the deflections being as fol- 
lows : 

At the centre of the middle span, 0.242 
in.; at the centre of the end spans, 0.235 
and 0. 244 in.; mean, 0.241 in. 

The bar was then reduced in length as 
in Experiment 1, leaving 4 ft. 37 in., which 
was replaced in its former position and load- 
ed with the same weight (82.84 lbs.) as be- 


| fore, when its deflection was found to be 


making three equal spans, each bearing be- | 
ing furnished with a knife edge on which | 


the beam was supported. Immediately 
over the bearings, and secured to the same 
frame, was fixed a straight edge, from which 
the deflections were measured. 

Exrrerrent 1.—A bar of “common Eng- 
lish refined” iron, marked “J crown K, 
best,” 12 ft. 2? in. long, mean width 1.535 
in., mean depth 0.367 in., was laid on the 
four bearings, and loaded at the centre of 
each span, so as to make the deflections the 
same, the weight at the middle span being 
82.84 lIbs., and at each of the end spans 
52.00 Ibs. The deflections with these 
weights were as follows : 

At the centre of the middle span, 0.281 
in.; at the centre of the end spans, 0.275 
and 0.284 in. ; mean, 0.280 in. 

The deflections of the three spans being, 
as nearly as practicable, the same, the mid- 
dle span is in the condition of a beam “ fix- 
ed at both ends and loaded in the middle,” 
each of the end spans “ being fixed at one 
end and supported at the other.” A piece 
3 ft. 114 in. long was then cut off from each 
end of the bar, leaving a bar 4 ft. 4? in. 





* A paper read before the American Socicty of Civil Engineers. 


0.983 in., or 4.06 times the deflection, “when 
fixed at both ends and loaded in the mid- 
dle.” 

The result of both experiments agreed 
substantially with Navier, who finds the 
deflection in the case of a beam “ fixed at 
one end, supported at the other, and loaded 


z 1 = 
in the middle,” to be ,—== 9.447 of the 
0 


deflection in the case, “supported at each 

end and loaded in the middle.” In the 

foregoing experiments, the end spans cor- 

respond to this case, and the observed de-_ 
flections with a weight of 52 Ibs., were 0.419 

and 0.391 respectively, of the defiections in 

the case, “supported at the end and loaded 

in the middle,” differing somewhat, but not 

very widely, from the proportion given by 

Navier. 


h ETWEEN the Bevier coal mines and those 
,) of Shortridge & Co., the Union Pacific 
Railroad Company are now sinking a shaft, 
to supply the Omaha end of their road with 
fuel. This enterprise is another blow at 
the coal monopoly that has heretofore exist- 
ed upon the Hannibal and St. Joe Rail- 
road, and will aid in the good work of help- 
ing to furnish a cheap fuel to the roads 
north and west. 
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ULTIMATE AND WORKING STRAINS. 


From ‘‘ The American Railway Times. 


The rate of the breaking to the working | 
strain has been variously fixed, for the | 
several materials, by different engineers. 
A beam may be loaded with a greater 
weight applied as a permanent or dead 
load, than could be safe as a moving or 
rolling weight. A load may be brought 
upon any material in an easy and gradual 
manner so as not to damage it, while the) 
same load could not be suddenly and vio- 
lently applied without injury. ‘he margin 
for safety should be greater with a ma-| 
terial liable to certain hidden defects, than | 
with one which is not Tt should be! 
greater for any member: of a structure 
where it is subjected to several different 
kinds of strain, than when it is subjected 
only to a single form of strain. The rule 
in structures having so important an office 
to perform as railway bridges, should in all 
cases be absolute sufety under all condi- 


£0. 


Ct4O778, 

In the Louisville bridge Mr. Fink has, 
adopted 7 as the factor of safety for the | 
cast-iron chords under an extreme load, and 
from 5 to 6 for the posts and braces. ‘The | 
wrought iron work in the same bridge is 
strained from 7,000 to 12,000 lbs. per in. by 
the maximum load, according to its posi- | 
tion in the structure. In the Quincy bridge | 
the lower chords and ties are strained from 
one-seventh to one-eighth of the ultimate 
strength by the greatest load. In the 
Niagara bridge the cables have an ultimate 
strength of five times the utmost probable 
load. In the fine wrought-iron elliptical | 
arch upon the Pennsylvania Railroad at | 
Thirtieth street, Philadelphia, Mr. Wilson 
has employed a factor of safety of 6 
throughout. In the Canestota bridge, a 
wrought iron lattice upon the New York 
Central road, Mr. Hilton has adopted 5 
tons per in. for the working strain upon | 
the met section of the lower chords, 4 
tons for the compression upon the gross 
section of the top chords, 5 tons upon the | 
tension bars of the lattice, and 3 tons| 
upon the compression bars. In the bridge 
across the Ohio river at Steubenville, of | 
which the channel span is 320 ft., a rolling 
load of 3,000 lbs. per ft. produces 10,000 
lbs. of tension on the lower chords, and 
the same amount of compression upon the 
top chords, the latter being of cast iron. 


The factor of safety for the braces is one- 
eighth. 

In the bridge across the Connecticut at 
Warehouse Point, on the Hartford and New 


Haven Railroad, the maximum tensile 
strain is 5 tons, the compression on the 
top chords +4 tons, and on the posts 


3 tons, all the members being of wrought 
iron. ‘The channel span is ft., and 
is proportioned for a load of 2} tons per ft., 
including the weight of the bridge. 

In the Kansas City bridge the 
Missouri, the central tie roads and the truss 
rods of the floor beams were proportioned 


177 


across 


| for 10,000 Ibs. per in.; the end ties and 


lower chords 12,000 lbs. ; the compression 
on the top chords, which are of wood, 800 
Ibs. per in.; and for the wvoden braces 
a factor of 7 was adopted. 

In the valuable pamphlet by Mr. C. 


‘Shaler Smith, comparing the several prin- 
| cipal bridge trusses now in use, he observes: 


“In determining the proportion of safe to 
breaking strain, respect should be had to 
the frequency with which the parts are sub- 
jected to stress by the moving load, as this 
will manifestly influence their powers of 
endurance. ‘The primary system ofa truss, 
that is, the system which upholds the entire 
structure, when weighted with its maximum 
load from end to end, such as the chords of 
a Murphy, or Triangular, or the main and 
secondary tension bars of a Fink bridge, 
may be safely subjected to a heavier strain 
than the tertiary and panel systems of the 
Fink, or the panel systems of the other 
trusses, the latter of which are fully strained 
by the engine leading every train ; while to 
strain the primary systems to the utmost 
limit allowed would require a train made 
wholly of engines.” In making compari- 
sons of several forms of truss, Mr. Smith 
accordingly uses 10,000 lbs., per in. for the 
quarternary system of the Fink bridge, and 
for the middle panels of the other trusses, 
as the working load for the wrought-iron 
tension bars. For the tertiary system of 
the Fink, and the first four panels of the 
other trusses, 11,000 lbs. is adopted, and 
for the primary and secondary systems of 
the Fink, and the chords of the Murphy 
and Triangular, 12,000 Ibs. For the cast- 
iron parts, for chords and large posts when, 
the metal is an inch and over in thickness, 
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and the length not over fifteen diameters, 
the factor is taken at one-fifth ; with metal 
not less than five-eighths, and length not 
over twenty-five diameters, one-seventh ; 
and with metal less than five-eighths, and 
length over twenty-five diameters, from one- 
tenth to one-fortieth. 

Mr. Stony (Theory of Strains, Vol. IT. p. 
387) gives the following figures : The work- 
ing tension in the lower flanges (chords) 
of the Conway Tubular Bridge, span 400 
ft., from the permanent weight of the struc- 
ture, is 4.385 tons per sq. in. of gross sec- 


tion ; the compression in the upper flanges | 


is 3.063 tons per in. The working tension, 
with one ton per foot of rolling load, is 6.85 
tons, and the compression 5.03 tons. In ob- 
taining the above figures, the vertical webs 


are not taken into account, and the rivet | 


holes are not deducted from the flanges. In 
the Newark Dike Bridge, 240} ft. span, the 
top chords and braces of cast iron, under a 
rolling load of a ton per foot, are strained 
to five tons per inch, and the lower chords 
and ties of wrought iron are strained to the 
same amount. In the Boyne Viaduct, a 
wrought-iron lattice, 264 ft. span, the 
working tensile strain for the net area of the 
lower chords, under a rolling load of 1 
ton per ft., is 5 tons per in., and the com- 
pression on top chords 4.5 tons. In the 
Charing Cross Bridge, a lattice of 154 ft. 
span, with four lines of railway, the work- 
ing tensile strain at 1} tons per lineal ft. 


on each of the lines, is 5 tons per in. and | 


the compressive strain 4 tons. 


In the Crumlin Viaduct, a Warren girder, | 
? > , 


148 ft. span, the maximum tensile strain in 
the diagonals from the bridge and load is 
6.65 tons per sq. in. of the net section; the 
tension on the lower chords from the same 
strain is 5.75 tons per sq. in. of net section ; 
and the maximum compression on the top 
chords is 4.31 tons per in. of gross section. 

Mr. Unwin (Iron Bridges and Roofs) 
gives the following strains in several recent 
wrought-iron bridges, the tension being 
for the net section, and the compression 





Tension, | Compres- 


Name of Bridge. Tons sion. 
per in. | Tons per in. 
Passau, lattice .............+- | 5} to6 4} to 5} 
Penrith, tubular girder. ..... } 4} 4} 
Place de l’Europe, lattice...... | 4} 3} 
Lough Ken, bowstring ....... | 4 33 
I ND sic caceccdasucens 4} 35 


The following figures show the working 
strains upon several of the larger suspen- 
sion bridges : 














| Working strain in tons per inch, 
| | 
| Rest «@ i = . 
c= | & | & cal 
Name of Bridge. s4 | £ | 2, 2 
ae | = | = a 
Sa} 2 | 5 S 
as + @ | a va 
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a | & | rx 
| es yan 
Menai.... ... ...; 580 | 4,21 | 8& 00 3.9 
Hammersmith....| 422} | 5.38 | 9.36 3.3 
BUD wncsinacenna 666 | 501 | 811 3.9 
CED cccscoces 348 436 | 8.07 3.9 
OES 702} 2.90 5 03 6.2 
| Niagara......... 821 6.70 | 8.40 590 


The load from which column 3 is com- 
puted is assumed at 80 lbs. per square foot 
of the floor, except in the case of the Niag- 
are bridge, where it is reckoned at 250 tons 
in all. The factors in the last column are 
obtained by assuming the ultimate tensile 
strength of the chain links, which are 
'made of very superior iron, at 70,000 Ibs. 
per inch; and for the Niagara bridge, 
which has wire cables, at 100,000 Ibs. 

Mr. Humber, in his large work on 
bridges, furnishes the following concerning 
several cast-iron arches : 
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Austerlitz ..... 106 0 10 7 1.78 | 4 4 
Carrousal ........| 154 2 16 $1 1.46 | 110 
St. Denis....... -| 3082 Gi 12 4] «1.87 | 20 
Se 137 9| 15 0] 1.90 | 39 
I uct at spine 197 10 16 5 2 37 5 9 
Westminster ....| 120 0 20 0} 3.00 aes 
| 





In determining the factor of safety, re- 
gard should be had to the proportion that 
exists between the dead and the live load. 
| A rolling load has been assumed hy engi- 
neers (and for practical purposes the assump- 
tion is probably correct) as equivalent to a 
dead load of double the amount. In deter- 


mining the factor of safety, therefore, we 
may reduce the whole load to an equivalent 
dead weight, which will be equal to twice the 
_ | actual live load added to the actual dead load ; 
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or we may, as Mr. Rankine suggests, mul- 
tiply each part of the load by its proper 
factor of safety, and add together the pro- 
ducts, the sum being the breaking load to 
which the structure is to be adapted. Thus, 
regarding a ton of live load as equivalent 
to two tons of dead load, and adopting a 
factor of one-sixth for live and one-third 
for dead weights, if we have 200,000 Ibs. 
of dead load, and 100,000 Ibs. of live load, 
the equivalent dead weight is 400,000 ; and 
the factor being 3, the breaking weight 
would be 1,200,000 Ibs.; or we may mul- 
tiply the 300,000 by 3, and the 100,000 by 
6, giving the same result. If the dead load 
was 200,000, and the live load 100,000, we 
should find the breaking weight to be 
1,500,000 Ibs. in place of the 1,200,000 
above. 

Mr. Fairbairn subjected a wrought-iron 
plate girder, of 20 feet span and 16 in. 
deep, to repeated deflections by means of 
a loaded lever, with the following results: 
A load of 2.96 tons applied at the centre 
at the rate of about 8 changes a minute for 
596,790 times producing a deflection of 0.17 
in., and straining the net section of the bot- 
tom flange 5.92 tons per.in., produced no ap- 
parent change. Increasing the load to 3.5 
tons, 403,210 additional deflections of 0.23 
in., straining the bottom flange to 7 tons 
per in. produced no visible change. In- 
creasing the load to 4.68 tons, 5,175 ad- 
ditional deflections, depressing the girder 
0.35 in., and straining the lower flange 
9.36 tons per in., produced a permanent 
set of 0.05 in., and tore the lower flange 
apart near the middle. The girder being 
repaired, a load of 2.96 tons applied 3,124,- 
000 times produced no permanent set. A 
load of 4 tons, applied 313,000 times, pro- 
duced a deflection of 0.20 in., straining the 
lower flange to 8 tons per in., and broke 
the girder close to the splice over the for- 
mer fracture. Thus a strain of 5.92 tons 
per inch of the lower flange section, the 
breaking weight being 20 tons per inch, 
would seem to be a safe load. 

Mr. Fairbairn found also that small cast- 
iron posts 6 ft. long, and an inch in diame- 
ter, bore a constant load of half the break- 
ing weight for three years without chang- 
ing; while with three-fourths of the break- 
ing load the deflection was slightly increas- 
ing at the end of the same time. He also sub- 
jected model bars of cast iron 4 ft. 6 in. long 
between the supports, and an inch square, 
to across strain of from one half to over 


373 
three-fourths of the breaking weight. 
These loads were borne with a slightly in- 
creasing deflection for over five years. The 
greater part of the deflection occurred dur- 
ing the first year, after which it remained 
very nearly constant. In the report of the 
commissioners upon the application of iron 
to railway structures, experiments are re- 
ferred to in which cast-iron bars, supported 
at the ends, were subjected to successive 
deflections—in some cases as many as 
100,000,—by means of a cam, at the rate 
of four per minute. When the depressions 
were one-third of the ultimate deflection, the 
bars were not apparently weakened. When, 
however, the depressions were one-half of 
the ultimate deflection, the bars were 
broken with less than 900 flexures. A 
load equal to half the breaking weight, 
moved backwards and forwards from one 
end to the other of a cast-iron bar, pro- 
duced no apparent weakness by 96,000 
transits. 

For cast-iron bridges, the British Board 
of Trade has directed that the breaking 
weight should not be less than three times 
the permanent load from the bridge itself, 
added to six times the greatest rolling load. 
The general opinion of engineers, however, 
is, that the breaking weight should be four 
times the total load for good-sized castings, 
supporting a dead weight, six times for 
large castings subjected to changes of load 
and vibrations, as in railway bridges, and 
eight times for small castings and tor work 
subjected to particularly violent and sud- 
den shocks. 

“The resisting powers of beams,” says 
Mr. Fairbairn, “ of whatever material they 
may be composed, are like the muscles of 
the animal frame when,strained beyond 
their reasonable powers of resistance. ‘They 
may for a time endure the load, and prob- 
ably a few repetitions of it; but the result 
generally is either the rupture of the seve- 
ral parts, or the total suspension of those 
qualities by which its elasticity and powers 
of restoration are maintained. It there- 
fore follows that every description of mate- 
rial, when subjected to a transverse strain, 
should never be urged to greater endurance 
than may be required to straighten the 
fibres, or arrange the molecules of its crys- 
talline structure. Any strain beyond that 
point is attended with risk; and in every 
vase where the beam is subject to alter- 
nate change oi vibration, to dead weight, 
and the force of impact, it is safer to mu!- 
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tiply the load by 4 than by 3, as the ulti- 
mate strength of the beam. In girders for 
railway bridges the multiplier should never 
be less than 5, and in most cases even 6 is 
preferable, owing to the great weight and 


high velocities with which trains pass over | 
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a continnous line of rail, involving equally 
severe tests of impactive force on every 
structure, whether beams or bridges, that 
have to support the immense weight of 
ailway traffic, varying in speed from 25 to 
50 miles an hour.” 


THE WESTINGHOUSE AIR BRAKE. 


From ‘The Engineer. 


The Westinghouse brake—so called be- 
cause the inventor is a Mr. Westinghouse, 
of Pittsburgh, U. 8.—differs from all the 
other air brakes which have been brought 
before the world, in two principal features. 
The first is the system of obtaining com- 
pressed air; the second is the kind of coup- 
ling joint used to unite the pipes establish- 
ing communication throughout the train. In 
all the air brakes hitherto tried the com- 
pression of the air has been effected by ¢ 
pump or pumps, worked either from the 
wheels of the tender or of the guard’s van. 
Generally speaking, the modus operandi 
is like this :—One, two, or three air pumps 
are fixed in a case within the guard’s van. 


These are actuated by a crank shaft driven | 


by a strap from one of the van axles. Any 
conceivable form of clutch may be used to 
suspend or establish the motion of the crank 
shaft and of the pumps at pleasure, and this 
clutch or its equivalent is under the control 
of the guard. The objections to this ar- 
rangement are so numerous that, although 
the scheme has often been tested, it has 
never obtained adoption by railway men. 
In the first place, if the guard does not put 
the apparatus in action soon enough there 
is no pressure of air ready when wanted to 
actuate the brakes, and the pressure cannot 
be obtained until the whole train has run 
far enough to give the requisite number of 
strokes of the pump. We can call to mind 
a case in which such a brake was tested, 
and no less than seven seconds elapsed 
before sufficient pressure was obtained to 
put the brake on. Now seeing that a train 
moving at 50 miles an hour passes over 73 ft. 
a second, this would represent a distance of 
no less than 511 ft. But with a good con- 
tinuous brake, applied af once, a heavy 
train might be stopped altogether in little 
more than the distance thus wasted in 


merely getting the brakes to begin to act} 


in the case named. Another objection is, 


that the whole of the pumping must be 


” 


done, 


and the machinery is thus run at a 
high speed over which no one has any con- 
trol, the velocity of the air pump crank shaft 


in any case, in a very few seconds, 
very 


being normal to that of the train. Again, 
if brakes are fitted to the van, it is certain 


that, from causes well understood, the maxi- 
mum pressure will be reached in the van 
cylinder before it is reached at the end of a 
long train. The van wheels will, therefore, 
be skidded, and the augmentation of pres- 
sure will cease before the brakes are applied 
under the other vehicles with full force. 
Mr. Westinghouse gets rid of all these 
objections en bloc by using an independent 
donkey engine to keep a reservoir full of 
compressed air at all times. This reservoir 
holds enough air to put all the brakes on a 
long train on at once. As there is nothing 
like a fact to prove an argument, we may 
state here that a train of 33 American ears, 
extending in length over a quarter of a 
nule, and weighing in all 550 tons, was 
run down an incline of 1 in 95 at a speed 
of 35 miles an hour. This speed attained, 
the brake was put full on, and the train 
was stopped within a distance of 700 ft. 
The first argument that will be raised 
against the Westinghouse system of com- 
pressing air, is thata donkey pump cannot 
be made witout a flywheel and appurte- 
nances which will do the required work with 
certainty. We confess that on this point 
we were a little doubtful, and we did not 
rest satisfied until we had tried for our- 
selves how much reliance was to be placed 
on Mr. Westinghouse’s pump. On Mon- 
day, the 13th inst., we travelled from Eus- 
ton-square to St. Albans and back, on a 
locomotive fitted up under Mr. Westing- 
house’s patents. We found the action of 
the pump to be all that could be desired. 
There is, practically speaking, no speed so 
slow that it will not work with regularity; 
and nothing was more interesting than to 
watch the action of the pump from the foot- 
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plate while the train was running at a high 
speed. Steam was nearly all but shut off 
from the donkey. 
or so the reversal of the valve gear could be 
seen to take place; and so the donkey 


pursued the even tenor of its way, main- | 


taining a steady pressure of about 70 
lbs. in the reservoir under the foot-plate. 
Mr. Westinghouse has applied this pump 
as a boiler feeder, and one with a pump + 
in. diameter and 14 in. stroke runs steadily 
at a speed as low as one stroke only per 


minute. Once more, bringing facts to back up | 


arguments, we may state that there are at 
this moment over twelve hundred Westing- 


house pumps at work in the United States, | 


and that their construction, and that of the 
other portions of the brake, afford full em- 
ployment to a large engineering establish- 
ment at Pittsburgh. This pump, then, is no 
toy. It is as much an article of commercial 
manufacture and sale as a reaping machine 
or a portable engine ; and it is quite as reli- 
able in its action, and as certain to give no 
trouble as either one or the other. 

We have stated that the second feature 
of importance in this brake is the system 
by which the pipes are joined when a train 
is being made up. We have not the slight- 
est hesitation in saying that the joint used 
will well repay the closest examination. It 
is sumply an exquisite adaptation of me- 
chanical means to a required end with the 


least possible complication of 


tingency having been contemplated and 
disposed of. ‘The joints practically take care 
of themselves.  ‘'I'] 
or complex couplings. We have only, to put 
the matter in plain terms, to stick one end 
of a pipe into another end of another pipe, 
to give the joint a half twist, and the joint 
is made good. The little india-rubber band 
forced out by the pressure within is as neat 
an application of means to an end as is the 
leather collar by which Bramah made the 
hydraulic press a success. No joint possess- 
ing anything like the advantages of this 
joint has ever been applied to a kindred 
purpose. Both pipes we have found, by 
experience can be coupled in 10 see. It 
may perhaps be urged that the gun-metal 
couplings may get knocked about and in- 
jured. ‘This is improbable; but, to guard 


1ere are no screws, cocks, 


against the chance of injury from the blow 
ot a swinging drawbar, a heavy india-rub- 
s; and | 


ber band is slipped over the clam 


7 
4 


Yet every five seconds 
; 


apparatus. | 
The joint is as periect, perhaps, as it is pos- | 
sible to make a joint, every obstructive con- | 








| 

| besides, a rimer is supplied with each set of 
| brakes. ‘This rimer is made to gauge, and, 
should it be found that the joints do not go 
together freely, the carriage examiner, who 
is supposed to carry this rimer, applies it to 
the defective coupling, and, by a single 
turn, removes any grit or imperfection 
which may interfere with the action of the 
coupling. In practice this rimer is rarely, 
if ever, found necessary. It constitutes the 
embodiment of a measure of precaution, 
however, useful in its way. 

A great objection to many systems of 
continuous brakes lies in the fact that the 
action ofthe springs of the carriage is com- 
pletely arrested when the brake is put hard 
| on, the carriage being then made one with 
the wheels. Myr. Westinghouse gets over 
this difficulty in two ways. In the first 
place, the brake blocks are hung on the flap 
plan from the framework, by which about 
2! ewt. are saved in the weight of the ap- 
paratus as compared with the slide brake ; 
while the brake blocks are hung by joints 
at the centre, instead of being bolted rigidly 
to the flap bars or hangers. A moment's 
thought will prove that, under these condi- 
tions, a certain amount of motion is still left 
to the axle-boxes; the wheels can play up 
and down under the carriages, the joint in 
the brake block permitting the motion of the 
axle-boxes in the iron plates. It may be 
argued that the play must be limited, be- 
cause the axlemust move through a curve 
the radius of which is equal to the distance 
between the centre of the wheel and the 
centre of the pin on which the brake block 
pivots; but this would only be true if 
the brake were rigidly applied, as by a 
screw. ‘The wheel really moves nearly 
vertically in the horn-plates, the brake be- 
ing pressed home by the elastic action of 
the air in the brake cylinder, following all 
its motions faithfully. ‘This in itself is a 
most valuable point, which we have never 
seen applied in practice before. The brakes 
do not drive the axle-boxes hard against the 
horn-plates, because the are 
united by a light tie red which holds them 
together in a way too obvious to need ex- 
planation. In order to secure the equable 
action of both brake blocks, an ingenious 
equalizing bar is introduced, the action of 
which is, on the one hand, so simple as 
hardly to require an engraving, and, on the 
other, not so obvious that it is easy to ex- 
plain it without one; suffice it to say that 
the piston rod of the brake cylinder, instead 


} 
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of being coupled direct to the single arm of 
a rocking shaft, is coupled to the middle of 
a short transverse bar, the ends of which 
are each jointed to two levers, one on each 
half of a double rocking shaft, one half of 
which acts on one brake while the other half 
acts on the other at the opposite end of the 
carriage. The action is precisely that of a 
whipple-tree, or, to put it in more mechani- 
eal phraseology, that of the well-known 
“jack-in-the-box ” gear. 

An objection has been raised thgt the 
blocks, from rapid wear, will require con- 
stant readjustment. Here Mr. Westing- 
house introd:ices us to a novelty in the shape 
of cast-iron brake blocks. These have been 
in use for years in the States, and there 
does not appear to be any valid objection 
to their use here. The idea that “they 
will not do” comes out on examination to be 
only an idea. They will not wear flat 
places in the wheels; on the contrary, they 
grind flat places out of them ; and extended 
experience with their action on steel tires in 
America goes to show that they are less 
injurious to the wheels than wood blocks, 
which catch and hold sand. On the whole, 
the cast iron blocks appear to have a little 
less grip than wood in dry weather, but in 
wet weather the coefficient of adhesion is 
much greater than that of wood, so that 
the average efficiency of a cast-iron block 
the year through is greater than that of a 
wood block. As regards heating, careful 
experiment has proved that the maximum 
temperature attained by cast iron blocks in 
summer is but 132 deg. They have been 
in use for three months on the Caledonian 
Railway, and have given perfect satisfaction 





to Mr. Connor, who, we may add, was the 
first to give the Westinghouse brake a trial | 
in this country. 


As an example of the adaptability of the 
Westinghouse brake to local traffic trains, 
we may state that it has been for two years 
in constant use on a local train on the Penn- 
sylvania Railroad. This train runs 14 miles 
into the country, stopping at 23 Stations. 
The train makes 8 trips a day during the 
week, and 2 trips, or 46 stoppages, on Sun- 
day. We have nothing to parallel this, ex- 
cept perhaps, on the Metropolitan Railway. 

We have mentioned elsewhere that a 
system of signalling is combined with the 
action of the brake, and the description of the 
apparatus must be read carefully to make the 
action of the signalling apparatus intelligible. 
It is extremely simple, and has, so to speak, 
grown’ out of the brake without any special 
culture. We tested its merits, however, on 
Monday, the 13th instant.. Almost any 
signal can be heard on a locomotive foot- 
plate when the weather is fine and the line 
open, and there was no difficulty in this 
case ; but to test it still further, we stood 
away as far as possible on the large foot- 
plate of the heavy engine to which the 
apparatus is fitted on the London and 
North-Western Railway, and when going 
at full speed through Primrose Hill tunnel 
we heard the whistle with the greatest ease, 
although we did not know previously that 
a signal was to be sent us from the guard’s 
van just then. We believe that this signal 
apparatus deserves attention and elabo- 
ration. 

We should not have given the subject so 
much prominence, but that we have assured 
ourselves, both by personal examination 
and inquiry, that Mr. Westinghouse has 
practically solved on the largest possible 
scale, one of the most perplexing problems 
that ever beset the modern railway en- 


| gineer. 


ARMOR FASTENINGS FOR TRON-CLAD SHIPS. 


From ‘The Annual of the Royal School of N: 


The question of armor fastenings havy- 
ing, during the present year (1871), been 
again revived, and grave charges brought 
against the Admiralty and others who per- 
sist in the adoption of the common or minus- 
threaded bolts, we propose to lay before our 
readers a few facts in connection with this 
subject, showing why the Admiralty con- 
tinues the use of this form of bolt for 





armor-clad ships in preference to the plus- 


aval Architecture and Marine Engineering.” 


threaded, and we are the more anxious to 
do so on account of the vague notions 
which certain writers in our public journals 
seem to have with reference to this matter. 

Armor fastenings have already provoked 
a great deal of discussion, owing to the 
different opinions held by those who have 
taken any prominent part in the construc- 
tion of our iron-clad ships and land fortifi- 
cations. But when two great departments 











ARMOR FASTENINGS 





377 


FOR IRON-CLAD SHIPS. 





of the State agree to differ, and each de- 
liberately decides to adopt its own peculiar 


views, and that, too, after a costly series of 


experiments has been made to settle dis- 
puted points, it is no marvel that the public 
should express their dissatisfaction at this 
apparently anomalous procedure ; and the 
case becomes all the more aggravated when 
the merits of the plus-threaded system are 
paraded in the newspapers with a plausible 
claim to superiority, and the minus-threaded 
bolt is represented as being minus of every 
good quality. 

We read an article in one of our daily 


| 


renders it necessary, therefore, that the 
greatest care should be taken with the 
fastenings, and bolt-holes have to be 
caulked round the inside between the joints 
of the skin and wood backing, and a hemp- 
en grummet placed under the washer to 
prevent leakage. Yet, notwithstanding 
| these precautions, the water sometimes 
forces its way through. 

| Before proceeding with the more techni- 
cal part of our subject, let us define the 
terms we have applied to these bolts. Sup- 
| pose, then, a screw-bolt to be made in the 
| ordinary manner, the threads being cut on 





| 





newspapers a short time ago, censuring the | the points, as is usual for a common bolt, 
Admiralty in no measured terms for what} the diameter of the bolt, measured at the 
was termed its persistent folly in not aban- | smallest part of the screw, will of course be 
doning its system of armor fastenings and | less than the diameter of the shank. This, 








adopting the plus-threads. Now we must 
beg to differ altogether from the advocates 
of such views, for, in our opinion, the folly 
would be in acting upon their suggestions. 
This we hope presently to show would be 
the case both as concerns economy and effi- 
ciency. Does it follow, because the War 
Department has thought proper to sanction 
the use of these particular bolts for land 
fortifications, that therefore the Admiralty 
must do the same for armor-clad ships ? 


It may just as well be argued that animals | 


which have been formed by the Creator to 
dwell on dry land, could live equally well in 
the sea if they would only try, as to sup- 
pose that the same description of work can 
be made to answer alike in both cases. 
Armor-clad ships, we need scarcely say, 
have to carry and fight their guns, and 
must be constructed so as to be impervious 
to water as well as impregnable to shot, an 


achievement not very easily accomplished. | 


The difficulty, for instance, of keeping these 
ponderous ships water-tight will be the 
more apparent if we consider how they are 
tossed upon the billows, and plunged into 
the hollow of the waves. The wonder is 
that they keep so free from leakage as they 
do, but this can only be effected by good, 
sound work, which we are glad to say the 
Admiralty always insists on. We may men- 
tion, as an instance of the great force with 
which water impinges against the bows of 
a ship, that in one of our earliest iron-clads, 
during her trial at sea, the manger scuppers, 
of lead 2 in. thick, collapsed, owing to the 
water forcing its way through the joint 
made with the scupper and wood fillings. 
The water pressing or impinging against 
the sides of our ships with such force 





'then, is what is meant by the term minus 
|threads. Now, if we put this same bolt 
| into the lathe and turn down its shank be- 
'tween the head and screw point until it 
is reduced in diameter to the smallest sec- 
tion of the screw point, or a trifle below it, 
we shall have the p/us threads. In other 
words, the screw thread will be in relief 
upon the shank, and consequently the point 
| will be larger than the shank by the depth 
of the screw thread. 
There is nothing novel in this descrip- 
' tion of screw thread, for it has been used 
for certain works from time immemorial; 
| but the application of the principle to ar- 
/mor-bolts is, we believe, modern, and is 
| patented by Major Palliser, who, some 
| years ago, when armor-plating was in its 
| infancy, witnessed, in common with others, 
|a series of experiments at Shoeburyness 
|with the armor-plated targets, represent- 
| ing both the sides of our iron-clad ships and 
lour land fortifications. Seeing how de- 
| structive the firing at these targets proved to 
the armor-bolts, he immediately turned 
his attention to remedying this defect, 
which he endeavored to do by changing the 
form of the bolts then in use, making them 
with plus in lieu of minus threads, and at 
the same time using a more costly and duc- 
| tile quality of iron, with a view to resist im- 
| pulsive strains. Others attempted to attain 
the same result by the introduction of elas- 
tic washers placed under the nuts, so as to 
| deaden vibration and allow the bolt to yield 
at the moment of impact by shot. Various 
contrivances for these washers were resort- 
ed to, both with regard to the form and 
also the material, and at length the elastic 
her was proposed and adopted for 


cup was 
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armor-clad ships, while the plus-threaded | liser, subsequently to the time we have re- 


bolts were advpted for land fortifications. 


Both systems, it will be observed, aim at | system, viz., extremely fine threads, and a 
relieving the bolts from strains of enormous | new method of forming the conical heads, 


magnitude suddenly applied. In the one 


case the object is attained by the applica-| they should not be made by upsetting the 


tion of an elastic substance, placed, as we 
have said, under the nuts, and in the other 
by the stretching of the bolts themselves. 


| 
| 
| 


} 


| 


| employed on this description of work ; so to 
| carry out this idea, the bolt staves have to 


The elastic cup washer is fully described | 


and illustrated in “Shipbuilding in Iron 


and Steel,” by Mr. E. J. Reed, C. B. A} 


brief description of it here may, however, 


be of advantage. It consists of three arti- | 


cles—viz., a wrought-iron cup, having a 


or 
oD 


flat surface to fit against the skin plating, | 


an india-rubber washer which is placed in- 


| eter to that required for the shank of the 


! 


side the cup, and a covering plate of coin- | 


mon washer. ‘These have each a hole 
through their centres of the size to suit the 


diameter of the bolt to which they are to | 


be applied. They are then threaded on to 
the pomt of the bolt in the order stated, the 
plate-washer or covering plate forming a 
base against which the face of the nut fits 
when screwed on. The proportions of these 
articles must depend upon the size of bolt 


and thickness of armor plate. By this ar- | 


rangement a kind of butier is formed; but 
as india-rubber while being very elastic is 
practically an incompressible substance, care 
must be taken to allow sufficient room 
around the edge of the covering plate, so 
that when the bolt is overstrained Ly con- 
cussion, the india-rubber may be allowed to 
exude. ‘The space around the edge of the 
plate referred to must be regulated by the 
texture of the india-rubber, and this last- 
mentioned quality must depend upon the 
size of the armor bolt. ‘The form of these 
washers is hexagonal. ‘This is for the pur- 
pose of preventing the india-rubber irom 


twisting when a heavy strain is put upon it | then drawn asunder lengthwise by repeat- 
by screwing up the nut. They may be of | 


‘ameter; while the tie-bolts referred to are 


. . . . | 
cylindrical shape, provided the covering | 


plate can be so titted as to prevent its rota- 


ting while the nuts are being screwed up. | 


| 


The cup is intended to be a repository of | 


latent elasticity, which will allow the bolts 


to yield at the moment of impact by shot at | 


every round until the whole of the india- 


rubber has been squeezed out of the cups, 


just on the same principle as the stretching 
bolt which stretches until it breaks. So 
far, then, as yielding is concerned, the two 
systems may be said to be identical. 

Jt must further be remarked with respect 
to the plus-threaded bolts, that Major Pal- 


| 


| 
| 
| 


| diameter of the conical head. The iron is 


| made from bolt stave of the diameter of the 


| this percentage not be obtained, the whole 


ferred to, added two other features to his 


concerning which he laid down a rule that 


iron, as is commonly done by smiths when 


be provided large enough for the required 
then “ swaged ” down from this larger diam- 


bolt, the head being, of course, formed by 
the same operation. 

The bolts now being used by the War 
Department for land fortifications differ in 
form from those we have just described. 
For instance, nuts take the place of heads, 
and the bolts closely resemble those used 
by civil engineers and others for the tie- 
bolts of bridges, ete. The mode of manipu- 
lation is, however, very different in the two 
cases. Those for land fortifications are 


largest part of the screw threads, the 
shanks between the screw threads being 
afterwards turned down to the smaller di- 


made by simply upsetting the iron in order 
to obtain the inereased diameter for the 
raised or plus thread. ‘This is a matter of 
ereat importance from an economical point 
of view, and we wiil therefore give a few 
particulars illustrative of the precautions 
taken to insure the desired quality in the 
bolts made for the War Department. 

From each length of bolt stave—say from 
15 to 18 ft.—a test piece 2 ft. long is cut 
and prepared. It is tixed in a vertical posi- 
tion under a steam hammer by an appara- 
tus specially arranged for the purpose, and 


ed blows. ‘There must be a certain per- 
centage of reduction in the breaking section 
as compared with the original section of 
the test piece, in order that the stave from 
which it was cut may be accepted. Should 


stave is rejected. Our readers will probably 
think this an extravagant and costly pre- 
vaution, especially when compared with the 
Admiralty test of one bolt out of every 
hundred. 

The latter test is also percussive, but is 
made by means of an articie termed a 
“tub” (about 1 ton in weight), let fall 
through a space of 30 ft., the test bolt being 
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so placed that the fall of the tub shall 
bring upon it strains similar to those caused 
in the fastenings by the impact of shot upon 
the armor plates on a ship’s side. Of 
course, with the War Department’s sys- 
tem of fastenings, great ductility is, as we 
have said, essential to the success of the 
bolts, and the elaborate tests described 
above are indispensable. But a quality of 


FOR 


| stance—that 


»~¢ 
ote 


TRON-CLAD SHIPS. 
them suitable their shape must be changed, 
so that externally they may be of the same 
form as the minus-threaded bolts, by coat- 
ing them with some metallic or other sub- 
is to say, instead of their 


| points being larger in diameter than their 


iron which would certainly fail to satisfy 


the War Department’s requirements, and 


would break under trial because of its want | 
‘lead for this purpose, but the plan was 


of ductility, might with elastic eup washers 
answer every purpose. The difference in 
the cost of the iron would be considerable, 
as some of our readers will understand 
when we state that the quality now being 


used by the War Department, and manu- | 


factured by Sir John Brown & Co., costs 
£21 per ton. 

The nuts and washers for land fortifiea- 
tions are also of a novel pattern. ‘They are 
made on the ball and socket principle, and 
are termed spherical nuts and coiled wash- 
ers. ‘The socket for the nut which answers 
for the head of the bolt, is made in the 
armor plate itself by countersinking the 
plate to tit the spherical nut. 

The washers at the points of the bolts 
are ade up of two parts as follows: <A 
sucket to receive the nut (circular in form) 
is first made out of coiled bar iron welded, 
of the required thickness. On the ontside 
of this a serew thread is cut for the purpose 
of receiving a jacket or coil of bar iron, 
which is first put into shape by being bent 
hot to the form required, and when cold a 
screw thread cut on the inside to 
cide with that on the external part of the 
This coil is not welded. ‘The two 


forming 


is coin- 
socket. 
are then 
washer, the coil on th 
supporter in order to prevent the socket 
from bursting at the moment of impact by 
shot, and at the same time giving elasticity 
to the nut. The 
from coiled mn 
when concussion takes place, and so allow 
the nut to yield to strain. It will 
theretore be observed 
which these bolts and nuts are made must 
be of the very best description and of special 
manufacture. The washer is patented by 
by Lieutenant English, I. E. 
Shipbuilders will at once see from our 
scription of these bolts that they are not at 
all adapted for iron-clad ships, in their 


screwe:l together, 


» outside acting as a 


1 


are expected to expand 


the 
tl 


} 


ie- 


nuts being thus made | 


shanks, the order must be reversed, and the 
points must be the smaller. ‘This is abso- 
lutely necessary to insure sound water- 
tight work, and in some of the earlier Val- 
liser bolts the recessed part of the shank 
was filled up with an alloy of antunony and 
afterwards abandoned. ‘he additional ex- 
pense (we were told at the time) ior this 
extra work increased the cost to 
make them equal in value to their weight 
in silver. But this was, no ex- 
aggerated statement. 

We shall not 


merits of this combination of 


as 


50 


] P 
aoubt, ail 


here 


here to diseuss the 


metals, fur- 


Stay 


| ther than to say that we should not like to 


| answer for the consequences which would be 


| 
| 


| metallie or 


one | 


| this 


likely to ensue when these metals are 


brought into contact with sea-water. 
But let us n ose that this plan can 
] 


io 


ww SUP] 
by the introduction ( 
other substance, and that the 
evhtly through 
their holes, are water-tight. ‘The ship goes 
into action. What follows? According to 
the theory of the patentee, the first blow 
the armor plating receives, the bolts in the 


be carried out of some 


an) 
WM 


bolts, having been driven ti 


egal a 7 
vicinity of the shot-hole, or indent, as the 
case may be, are to stretch, and as a neces- 


sary consequence there will also be a cor- 
responding reduction in the diameter of the 
bolts so acted upon. These bolts of course 
are at once rendered slack in their holes, 


when leakage must ensue if the damage is 
in the neighborhood of the water-line, and 


at a time, above all others, when 


| water-tightness should be preserved, and 


1at the materials of 


the guns, and not the pumps, well man- 
ned. 

We may also mention ano 
gency which has to be studied, should this 
plan be carried out, and that is the prob- 
ability of the nuts jarring off at the moment 
of impact by shot, owing to their not bear- 


t}, 


Lalel 


contin- 


jing evenly against the skin plating, on 
account of the difficulty of boring the holes 


exactly at right angles to tie side of the 
ship. We know thatthe slightest deviation 
in this respect will cause a transverse strain 
to be brought upon them simultaneously 
with the tension, and the effect of this will 


original form, and that in order to render be to fracture the bolt at the thread next to 
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the skin plating, and so jar off the nuts. 
We do not say that this defect could not be 
obviated by using tapering washers; but 
even then there would be a degree of un- 
certainty about it, as the workmen them- 


selves may be deceived in this manipula- | 


tion, and the same evil would exist in the 
common bolts, were it not for the elastic 
cup washer, which acts as a regulator in 
this respect, for no sooner is a slight strain 
put upon the india-rubber which is confined 
within the cup, than a uniform bearing un- 
der the nuts is virtually obtained by the 
accommodating nature of this material. 
The spherical nuts already mentioned 
were introduced, no doubt, partly to obviate 
the same evil; but then it must be borne in 
mind that bolts used for land fortifications 
are all loose in their holes, which allows the 
nuts to accommodate themselves when a 
sudden tensile strain is brought upon them, 
and it is not too much to say that the suc- 
cess which has attended the trial of these 
bolts is in some measure due to this fact. 
The benefit derived from the india-rubber 
has been fully verified by the experiments 
at Shoeburyness, and although the late trial 
with the 14-inch plated target was not so 
successful as could have been desired, this 
ought not to detract from the merits of for- 
mer trials, but, on the contrary, should 
form a ground for inquiring why the bolts 
for thick plates cannot be made to stand as 
well as those used for thinner ones. We 
are glad to find that this view of the case 
has been entertained by the Admiralty, and 


the partial failure referred to will no doubt | 


be rectified in the ships themselves. 

New systems of work, or reconstructions, 
as they may be termed, are seldom or ever 
developed all at once. Experiment after 
experiment has sometimes to be made be- 
fore certain vital points can be satisfactorily 
determined. ‘This is especially the case 
with regard to armor plating and fasten- 
ings. No sooner have the requirements in 
one case been fairly met, than the arrange- 
ments have to be altered to suit another 
where the parts are of larger dimensions 
and of different construction, owing to the 
guns gradually growing in weight and 
calibre. Consequently the professional offi- 
cers who have to arrange the details of con- 
struction are continually having forced upon 
them a readjustment of the fastenings, in- 
volving the employment of bolts of larger 
diameter, stronger cups, and an increase in 
the thickness of india-rubber. These par- 


|ticulars have all to be decided, and this 
cannot be done correctly in the absence of 
| experiments, owing to the amount of buck- 
ling these extra thick plates will undergo 
at the moment of impact by shot. This 
was evidently the case with the last experi- 
| mental ship target tried at Shoeburyness. 
| The firing at this target with the 25-ton gun 
| Was so terrific in its results, that the 
| wrought-iron cups which contained the 
india-rubber were found to be too weak to 
withstand the violent concussion and sud- 
den distortions of these extraordinarily 
thick plates, consequently the cups burst 
| sideways, allowing the india-rubber to es- 
cape, thus bringing at once iron into con- 
'tact with iron, and fracturing the bolts. 
| But it is worthy of remark that all the bolts 
| withstood the first round, although the cups 
| burst. 

If is impossible to anticipate the effects of 
the discharge of one of these heavy pieces 
of ordnance against an armor-plated tar- 
get, and therefore it is not fair to expect 
that all the necessary details can be success- 
fully arranged before some idea has been 
formed as to the requirements of the case. 
Nor have we yet learnt that these things 
are managed any better by the War De- 
parment, for if Shoeburyness could testify 
to anything at all, it would to the failure of 
the first trials with the Palliser bolts, not- 
withstanding all the pains that had been 
'taken to insure success by previously 
testing the iron, and by all other avail- 
jable means. But to revert to the use of 
elastic cup washers, we think it only fair, 
after what has been said on the other side 
of the question, to give some positive proof 
of their utility from actual experiments 
made at Shoeburyness, for Major Palliser 
himself did not appear to be in full posses- 
sion of all the facts of the case when he 
read his paper on Armor Fastenings at the 
annual meeting of the Institution of Naval 
Architects, in 1867. Otherwise, we are at 
a loss to account for his statements, espe- 
cially during the discussion which followed, 
for he then appeared not to be able to recol- 
lect anything good of these washers as com- 
pared with his own plan. For instance, 
when asked if the bolts he had been refer- 
ring to had elastic cup washers, his reply 
was, that the “box-target” was fitted with 
them, and they were nearly all broken. 
Now, what is the history of this old target ? 
We call it old, because in one sense it was 
never new, having been constructed entirely 
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! 
out of old materials, as the following state- 
ment will show : . 

The Ordnance Select Committee, at the 
time we are referring to, having a number 
of projectiles to test, and being anxious to 
economize as much as possible, resolved to 
use up all the old materials then lying on 
the ground at Shoeburyness that were 
available for the purpose; consequently old 
bolts, old cups, and old india-rubber were 
among the things that were brought into 
requisition. The bolts and washers were 
the same as had been used at the trial of 
the Bellerophon target, and had done their 
work successfully, not one of the bolts with 
these washers applied to them having failed 
on that occasion. In order to render these 
very bolts available for the “ box-target,” 
not only had they to be repaired, but also 
lengthened. Hence it could not be expect- 
ed that they should stand as well as new 
bolts and washers, and no one who had 
anything to do with the construction of 
this target ever dreamt that any notice 
would be taken of these fastenings. In fact, 
it was distinctly understood officially that 
the sole object of the erection of this target 
was the trial of projectiles. Let us, how- 
ever, inquire what was the state of the target 
at the time referred to by Major Palliser? 

Wher we last examined the structure to 
ascertain the amount of damage it had sus- 
tained after three days’ firing from the 
Woolwich 7-inch rifled gun, at a range of | 
200 yards, we found it had received 22 
rounds in a space 13 ft. 6 in. & 8 ft. 6 in., 
which were the dimensions of the target 
proper. We need scarcely tell our readers 
that it was knocked nearly all to pieces, and 
the marvel was that any bolts should have 
been discovered unbroken. Ilowever, we 
could only find seven out of twenty that 
were broken. 

Major Palliser also attributed the partial | 
success of these washers to the very fine | 
threads he had introduced on some of the 
experimental bolts. We, however, appre- 
hend that he referred to an experiment that 
was made with cork washers against his 
system, when it was considered only fair 
that the bolts should have one uniform 
thread. 

We shall presently have occasion to allude | 
to these experiments. At present, however, 
we shall only say that the Admiralty does 
not recognize any other elastic cup washer | 
than those with india-rubber, and up to the | 
present time there has been no trial of | 
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these in competition with the Palliser bolts, 
nor has the Admiralty adopted the very 
fine threads. 

When Major Palliser read his paper on 
Armor Fastenings, only two experimental 
trials with the clastic cup washers had been 
made under the direction of the Admiralty. 
The first took place with the Bellerophon 
target in February, 1864. One half of the 
bolts had common plate washers and double 
nuts, and the other half had the elastic 
cup washers and single nuts,* and the bolts 
were 2} ft. and 2? in. diameter respectively, 
with about five threads to the inch. The re- 
sult of one day’s firing, which was all this 
target was subjected to, was the breaking of 
two bolts with the common plate washers. 
None of those with elastic cup washers were 
injured. The comparative success of this 
trial with the bolts was attributed to the 
strength of the target not allowing the plates 
to buckle so much, and the bolts being 
comparatively of larger diameter. 

The other experimental trial was a more 
important one. It took place on the 29th 
August and I4th September, 1866, with 
one of the Warrior targets, being the same 
in all respects as those previously fired at 
when the bolts so signally failed ; as many 
as from 6 to 9 breaking in one round. 
There were 51 bolts in all driven in this 
target, 25 of which were fitted with elastic 
cup washers, and the same number with 
Paget's steel spring washers, the odd one 
The 
result after two days’ firing was as follows: 
Kighteen bolts with steel spring washers 
were broken; the odd bolt having a plate 
washer was broken at the first round. Not 
one of the bolts fitted with elastic cup wash- 
ers were broken. 

With these facts before them, how could 
the Admiralty do otherwise than adopt their 
present system? Bolts with ordinary plate 
washers had utterly failed, and no other 
system of fastening had proved so success- 
ful as the elastic cup washers. 

The success of the above trial was con- 
sidered all the more conclusive on account 
of the bolts having been driven into and 
out of another Warrior target, a fac-simile 
of the one we have just described, the 
elastic cup washers having been under 
heavy pressure for 22 montlis at Shoebury- 


* It was the practice, before the introduction of elastic cup 
washers, to use lock nuts, owing to some of the single nuts 
flying off at the moment of impact by shot, but the spring in 
the cup washer obviates the necessity for double or lock nuts, 
as it keeps the single nut tight on the bolt. 
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ness, exposed to all sorts of weather. This 
circumstance occurred through the Ord- 
nance Select Committee at that time deter- 
mining that three other systems of fasten- 
ings should take precedence of trial, there 
being no other target available. These we 
may mention were Palliser’s, Head and 
Ashby’s wire bolts, and the common ones 
with Clarkson’s cork washers fitted to them ; 
some of the latter having iron cups similar 
to those used for india-rubber. These three 
sets of bolts had very fine threads, as many 
as 16 to the inch, and so delicate were they, 
that it was with great difficulty the bolts 
could be driven without injuring them. 
The result of this trial proved that the Pal- 
liser bolts and those fitted with cork wash- 
ers were about equal as regards efficiency, 
while Head and Ashby’s wire bolts signal- 
ly failed. Clarkson’s cork washers were 
found, however, not to answer the same 


purpose as india-rubber; there being com- | 


parately no lateral extension with this 
material, iron cups were therefore not 
needed. In addition to this, the cork be- 
came as hard as wood, by simply screwing 
up the nuts. No doubt the very fine screw 
threads, together with a more ductile and 
costly iron, considerably improved the 
bolts. 

We are not in possession of the details of 
these three experiments, and therefore we 
cannot say whether any of these fine screw 
threads stripped during the firing. We 
merely advert to the trial of these bolts on 
account of its historical connection with 
the one just described. 

We have hitherto confined our remarks 
on the Palliser bolts to their applicability to 
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ships’ sides ; but as we wish to give an un- 
biassed opinion upon the whole question, 
let us consider lastly the advisability of 
adopting them in turrets where water- 
tightness is not so important. It will, there- 
fore, be necessary for us to inquire what 
thickness of wood backing will have to be 
provided for; and here we may at once say, 
that if the same arrangement as that now 
adopted for the Cyclops class of turret ship 
should be proposed as the one to carry out this 
particular system of fastenings, it will be 
impracticable, for we do not suppose that the 
country would like rickety turrets any more 
than they appear to like rolling ships. 
But with a backing similar to that of the 
Warrior, of, say, 18 in. thick, it might be 
arranged thus by allowing the bolts to have 
a length of 6 in. for stretching in the mid- 
dle of their shanks, with thesame length of 
hold in the wood backing at each end. The 
form of bolt in this case, however, would 
have to be modified in order to reduce their 
points for driving. A drift of } in. fora 
d-in. bolt is generally allowed, to insure 
tightness. 

In the latest turret ships the armor is, we 
believe, to be arranged in two thicknesses, 
with a layer of wood backing between them, 
and a second layer of wood between the in- 
ner armor plates and the skin plating. In 
wake of the inner armor the shanks of the 
through bolts are to be reduced to give 
spaces for stretching; but they will main- 
tain their full size through the outer armor, 
and both thicknesses of backing. The use 
of elastic cup washers will be continued, 
and thus the two systems of fastenings will, 
to some extent, be combined. 


AN ANALYSIS OF THE COST AND DESCRIPTION OF THE METHODS 
OF MINING EMPLOYED IN THE MARQUETTE IRON REGION, 
LAKE SUPERIOR, MICHIGAN.* 


By MAJOR T. B. BROOKS, C. E. 


The product of the Marquette Mines has! 


nearly doubled during the last four years, 
and is now about 825,000 gross tons of ore, 
which will yield on the average 62} per 





* This paper, written in 1870, forms a part of the 2d article 
of the Chapter on Mining of the writer’s unpublished Report 
on the Geology of the Marquette Iron Region. A portion of 


the Ist article relating to the geological structure of the ore 
deposits, and a discussion of the general mining problem pre- 
sented, was read before the American Institute of: Mining En- 
gineera. That paper contained a skeleton of this. 
read before the American Society of Civil Engineers. 
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cent. of pig iron in the furnace; hence, 
during the last two years, fully one-fourth 
of all the pig produced in this country has 
been from Lake Superior ores. About 66 
per cent. of the shipments are specular 
hematites, yielding 65 per cent. of iron ; 17 
per cent. are magnetic ores, yielding 65 per 
cent. of iron; 13 per cent. are soft hema- 
tites, yielding 50 to 55 per cent. of iron, and 
4 per cent. second class specular ores, yield- 
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ing, say 57 per cent. of iron. One hundred 
and twenty-five furnace stacks use Lake 
Superior ores wholly or in part; of these, 
89 employ coke or bituminons coal as fuel, 
10 anthracite coal, and 26 charcoal. The 
charcoal furnaces are all small, seldom pro- 
ducing over 5,000 tons per annum. Eighty 
of the bituminous and coke stacks are in 
Ohio and Pennsylvania; all the anthracite 
stacks are in Pennsylvania and New York, 
and over one-half of the charcoal furnaces 


are located in Michigan. The iron produced | 


is soft and strong, answering equally well 
for mill or foundry use. It inclines to red- 


shortness, without being decidedly red- | 


short. It is too soft for rail-heads, but is 
unequalled for the base of the rail and for 
merchant bar, and is now being successfully 
used for Bessemer steel. 

The geological structure of the iron-bear- 


ing rocks is such as to render quarrying in | 


open cuts the favorite method of extracting 
the ore. 
pure ore associated with lentiform masses 


of a soft green schist and of jaspery or mix- | 


ed ore. The overlying rock is quartzite, 
having a specific gravity of 2.67, and the 
foot wall rock a diorite or g 
ing a specific gravity of 2.91. The mer- 
chantable specular and magnetic ore has a 


specific gravity of from 4.59 to 5.00, aver- | 


aging 4.85, weighing therefore about 300 
Ibs. to the cubie foot, or 3% 
cubic yard. 
ore and about 15 ft. of loose ore, as it is 
sent to market, weigh one gross ton. The 
specific gravity of the “‘mixed ores” varied 
widely, depending on the amount of jasper, 
the average being about 3.75. ‘The soft 
green schist associated with the ore has a 
specific gravity of 2.82. 

The unit of measure and comparison in 
the following table is the gross ton of mer- 
chantable ore. The ore is the object of the 


miner’s efforts, and the tons sold measure | 


his business. ‘The items of cost in all that 
follows express the expenditure per ton of 
ore mined, prepared for market, and loaded 
on the cars. In instituting a comparison 
between these figures and those obtained 
by the civil engineer, where the cubic yard 
of vacant space is the ordinary unit of work 
accomplished, it must be borne in mind that 
the labor incident to sledging up and sorting 
out the ore from the rock considerably en- 
hances the cost of mining. 

The wages of the men employed in and 
about the mines, in 1869 and 1870, were 


The ore formation is made up of | 


gross tons per | 
Seven and a half ft. of solid | 
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! 
| about as follows : Common labor was nom- 
| inally $1.80 per day for most of the time, 
but by far the largest part of the mining 
work was done under contracts. Contrac- 
tors made, clear of cost, from $60 to $77 per 
month as high and low averages; $70 is 
probably near the mean of the whole. Itis 
not uncommon for a “pair,” two or more 
men, to make $100 per month each, and 
again the earnings will fall so low as barely 
to pay board; but such are extreme cases. 
Leaving out the staff of the mine and the 
contractors, the average wages of all others, 
mechanics, engineers, firemen, drivers, but 
mostly common laborers, averaged for the 
period in question about $2.12 per man per 
day. Mechanies received from $2.50 to $4.00. 
| The nationality at three mines, which em- 
ployed an agerecate of over 600 men, was 
as follows, expressed in percentages : 


| 


$2 


| SINE lassie: =iaaia > pleats: chat ice gall 31 
English (Cornishmen) ..... encvesees 27 
NO See eae <ebee eho 18 
Canadians (French)...........- esses a 
Americans...... St enaenkd thee 5 
ae @ cccccccce ‘ ! 

| Norwegians, Danes, and Scotch 10 

| 100 


greenstone, hay- | 


The relative proportion of the Irish ele- 
ment is decreasing ; a few years since nearly 
all the men employed at some mines being 
| of this nationality. The percentage of Corn- 
ishmen is increasing, owing largely to a 
want of work in the copper region. These 
;men are skilled miners and do a large part 
of the sinking and drifting. Swedes are 
rapidly gaining in numbers, many of them 
having been miners in their own country. 

The $2.64 given in the following table as 
the approximate total cost of the hard ores, 
delivered on the cars at the mine, was ob- 
tained by dividing the total expenditure at 
the mine for a year, by the total number of 
| tons of ore produced. It does not include 
interest or capital, nor royalty, or deprecia- 
tion of the mine. 

In the detailed description of methods 
which follow, the items will be taken up in 
the order of the table, omitting such as are 
unimportant, or do not possess the kind of 
interest that warrant their introduction here. 
The whole subject will be considered more 
fully in my report on the Lake Superior 
Tron Region. 

1. Dean Worx.—This general head em- 
braces all the work and cost incident to 
getting ready to mine the ore, and is sub- 
divided into—1l. Explorations (embracing 
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only such searches for ore as are in pro- | ments. Only the 2d, 3d, and 5th items will 
gress from year to year about the mine). | be considered, the character of the others 
2. Sinking Shafts. 3. Drifts and Tunnels. | being sufficiently indicated in the table. 
4. Roads for Wagons. 5. Stripping Earth | The entire expenditure for dead work is 74 
and Rock, or uncovering the ore. 6. | cents per ton of ore produced, which equals 
Miscellaneous Work and Minor Improve-! 28 per cent. of the whole cost. 


Table showing the Approximate Cost of Mining the Specular and Magnetic Ores of Lake Superior (to accompany 
Major T. Brooks’ paper on the subject. 


APPROXIMATE COST OF EACH ITEM, 

















General heads under | Elements of cost, not includ- || 1m per cert. of | 3ased on a total cost of $2.64 
which cost of min- ing reyaliy or deprecia- the whole. | per ton, 
ing is classified. tion. ae age ee as nana 
| | ‘ o | : ; 
| é 3 ! g | 4 Amounts. 
| o 
| 2 | ei = | «& Labor. | Supplies. 
= a wis Seer sie ead ss er 
"7 1. Explorations........... 006} | 015 Eighty | Twenty 
2. Sinking Shafts........ | 015 || .040 | per cent. | per cent. 
| 3. Drifts and Tunnels.. ..|; .061 | |) .160 | 
Dead work (preparation) 4 4. Roads............ -.- .006 > .281 || 017 > .742 -620 .122 
5. Stripping earth and rock | .132 | || .350 
| 6. Miscellaneous work and | 1] 
{ minor improvements*. | .061 ) .160 J 
( ( 1. Ledge holes (in stope)..|| .042 } .110 ) 
Drilling. -~ 2. Block holes (in frag-|| | | 
II. Mining ( CS rer ae -049 | 130 | 
proper (la- < { 3. Sledging, sorting, and + .398 + 1.050 RIO Veeee cccns 
bor). Other ; ER cin? a-tkeckowan | .133 | || .350 | 
| work. } 4. Hs andling rock, -. |] -095 250 | 
l U 5. Miscellaneous work..... 079 J .210 J { 
Ill. Mining ( ae § 1. Powder and fuse.. ..... | .036 || .095 
materials | 2“*Plosives { 2. Nitro-glycerine..... es a ee 
and imple- § 3. Steel Grills).......... 007 | 9 || -918 Lage ° 9 
ments Tools. V4. Tools other than drills,.|| .016 { -119 || O43 | 318 | -108 -210 
(‘mine Repairs. J 2 Bl acksmiths’ supplies...|| .018 | OAT | 
costs”). — 7 6. Blacksmiths’ labor. ..../| .042 | '! 110 J 
i} 
f { 1. Teaming, labor of drivers | ) 
IV. Handling is a { and stablemen........|| .057 .150 
ore from | By uae CC | 042 || .110 | | 
miners’} | 3. Carts, sleds, harness, &e.|} .002 * .006 a | 970 | 
hands to} “ee 4, Loading ore from stock | r - 106 { .413 H 272 | 141 
cars, and y { BN ektes. scquneunanall 013 | -035 
pumping. pte 4 5. Labor, supplies, and re-'| ; {| ! 
| By steam. 5 Kiiacoboiceasaeis || 042 J .112 | 
laries and office ex-) || | 
V. Management and gen- 4 1, Sa | os oo |i a 
pes expenses.......... ” penses cata a aheeiasaviewnh | .046 -046 || .122 .122 | 062 | .060 
(2. Tax of ail kinds’ 1227") . | & 
100 | 100 || 2.64 | $2 64 | $2107| $0.533 
| | 








2. Sivxive Saarts—This work, which | from a mean $22.50 to $31.50 per ft. in 
forms so large an item of cost in some un- | depth, depending on the hardness of the 
derground mines, varies in the Marquette | ground. In some mines, extreme prices 
Region, so far as I have ascertained, from | range from $15.00 to $40.00 ; or even more, 
1} to 54 cents per ton of ore. Our open | if the shaft be very wet. Miners are often 
and comparatively shallow workings do not | permitted to select the size most advantage- 
call for many shafts or winzes; the deepest | ous to themselves, which may be 4 ft. by 6; 
shaft in the “Region i is now (1870) not over | but 8 by 12 ft. is more common. The 
200 ft. The prices for this work range | material is generally hoisted with the ordi- 
| nary hand windlass, but sometimes with a 





* Does not include exceptional permanent improvements. | 
t No reliable figures obtained. | horse-whip or whim. The miner has to 
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deliver the stuff at the mouth of the shaft. 
From 10 to 15 per cent. of the price received 
by the miner for sinking, has to be expend- 
ed in costs; ¢. e., powder, fuse, candles, 
steel, tools, etc. No charge is made against 
him for smith’s work. Sometimes the con- 
tract is let at so much per foot of shaft and so 
much per ton of ore, which gives the miner 
an interest in separating ore from rock. 

3. Drirrs anp Tunnets.—This element 
of cost varied more widely than any other, 
and might have been divided into two: (1) 
Drifts designed to open ground for stoping, 
and (2) Tunnels or adits for drainage and 
transportation of ore, the latter being of 
the nature of a permanent improvement. 
But on the principle that permanent im- 
provement accounts are often permanent 
disappointment accounts and to be avoided, 
and considering the fact that this work is 
actually going on year by year, and must do 
so as long as the mine is worked, it does not 
seem wise to separate it from the actual 
cost of getting ore. Ordinary 47 drifts 
cost, in hard ore, from an average of $22.50 
to $24.50 per ft., the miners delivering the 
material behind them and paying their 
own costs as in the case of shafts. 

Tunnels large enough to admit railroad 
ears and small locomotives, cost from $30.00 
to $50.00 per #t. The Washington Tunnel, 
now over 1,100 ft. long and timbered con- 
siderable part of the way, cost an average of 
about $40,000, not including rails. ‘The 
timbered portion is 12 ft. wide at the bot- 
tom, 10 ft. at the top, and 10 ft. high in 
the clear. No machinery has yet been 
brought to bear on either sinking shafts or 
drifting; the labor is more than one-half ex- 
pended in drilling holes for blasting. The 
subject of drilling is fully considered under 
its proper head. 

5. SreiprInG EARTH AND ROCK, OR UNCOVER- 
ING THE orF.—This constitutes on the aver- 
age nearly one-half of the dead-work, and 
is one of the largest single items in the 
whole cost of mining. So far as my in- 
quiries extended, I found it to vary from 20 
to 52 cents per ton ofore. This cost is ne- 
cessarily increasing at all of the mines 
worked as open cuts. It is simple rock 
and earthwork, the material being removed 
on wagons, carts, or sleds, drawn by horses. 
The advantages of light railroads and small 
locomotives do not seem to have commended 
themselves for this work. There would of 
course be considerable danger of destroying 
tracks from blasting, and it often happens 
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| that not much work has to be done in one 
place ; still there is no doubt but thata 
| large saving would be effected by substi- 
| tuting steam for horses in this work, as will 
'be more fully considered hereafter. 

| The aggregate amount of material which 
has been handled in stripping is very great; 
30, and even 40 ft. of earth have been re- 
moved, and nearly as great a depth of rock; 
| but this is the experience in open workings 
everywhere. I have seen 21 ft. of earth 
and soft, shaly rock stripped from a nearly 
horizontal bed of 44 per cent. Clinton ore 
in Western New York, which did not aver- 
age over 30 in. thick. In South Eastern 
Kentucky I found the rule among the 
miners of sub-carboniferous ores to be, that 
it would pay to remove a foot of earth for 
the sake of an inch of ore, which does 
not differ widely from the Western New 
York practice. In both of these instances 
the stripping was nearly the entire cost of 
mining, and labor was much lower than 
in the Marquette Region. ‘The usual con- 
tract price for removing ordinary earth 
(sand, clay, and boulders mixed together) 
is 50 cents per cubic yard, the digging cost- 
ing about one-half and the handling one- 


half. Hauls vary from 100 to 800 ft. The 
highest price paid for excavating any 


considerable quantity of rock in open cuts, 
which has come to my notice, was $3.00 
per cubic yard, equal to $24.00 per fathom, 
or about $1.00 per ton. This was a very 
hard jasper rock containing but little ore. 
Large quantities of rock have been excavated 
and hauled over 500 ft. at the Lake Su- 
perior Mine for $2.50 per yard. The soft 
greenish schist, so common at all the mines, 
can be moved for from $1.00 to $1.40 per 
yard including hauling. When a good face 
can be obtained on the overlying quartzite, 
which is likely to constitute the greater 
part of the rock to be moved in future, it 
should be broken down and loaded on 
wagons for $1.50 per cubic yard. 

The amount of money which it will pay 
to expend in stripping, of course, depends 
chiefly on the quantity of ore uncovered. If 
we assume 5UV cents to be the maximum ex- 
penditure per ton of ore for this work (this 
amount has been exceeded), the problem of 
what thickness of rock may be stripped ad- 
mits of an easy theoretical solution. One 
cubic yard of solid ore, allowing for wastage 
on account of associated rock, may be con- 
sidered to yield 3 tons of merchantable ore, 
which, at the allowance above assumed, 
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would give us $1.50 to be expended per 
square yard in stripping a bed of ore only 
one yard thick. Hence in this case it would 
pay to remove 9 ft. in thickness of earth 
or about 3 ft. in thickness of rock. But 
suppose we have a bed of ore 24 ft. in 
vertical thickness, which is a more com- 
mon case, what amount of rock or earth 
would it pay to remove under the assumed 
limit of expenditure? 24 ft. of ore gives 
24 tons per square yard of surface, which, 
at 50 cents per ton, gives $12.00 available 
for stripping per square yard. This sum 
would remove 24 ft. thickness of solid rock ; 
or a foot in thickness of rock may be strip- 
ped for every foot in thickness of ore un- 
covered, at a cost of 50 cents per ton of ore. 
The same expenditure will remove three 
times this thickness of earth. 

An important and often neglected ques- 
tion connected with this subject is, where 
to deposit waste, that it may be out of the 
way of future mining operations. Some 
material has been already handled twice in 
the Marquette Region, and I know of a 
mine in Southern New York, where the 
same earth has been three times handled 
before it was finally put out of the way. In 
a new region, like Marquette, where com- 
paratively little thorough exploring has 
been done, itis often difficult to decide where 
waste piles will be out of the way for all 
future time. Ifa drill hole were put down 
for 50 ft. in rock and no ore found, it would 
be safe to say that if ore existed under that 
spot, it would have to be mined under 
ground ; hence, that so far as future strip- 
ping was concerned, a waste pile placed 
there would be out of the way. A very 
common practice in under-ground work, in 
some mining regions, is to fill up the worked 
out places with waste, and this can un- 
doubtedly be done to advantage in some in- 
stances in open works, although it has not 
as yet been practised in the Marquette 
Region. The trouble is, to find out whena 
pit is exhausted—it isso common to break 
through a thin layer of rock and find a bed 
of workable ore under it. But there are 
parts of most mines where the foot wall has 
unquestionably been reached, and if any 
doubt exists, a few deep drill holes will 
settle the point. When this is the case, 
and the foot wall has a sufficiently gentle 
slope to permit of its holding materials 
deposited on it, it will, I think, be often 
found advantageous to use it to support a 
waste pile. 


VAN NOSTRAND’S ENGINEERING MAGAZINE. 











For the sake of illustration, take the New 
York and Cleveland Mine workings, which 
are adjacent. In this instance the slope of 
the foot wall is so steep that it would prob- 
ably require a rude step to be cut on which 
to rest a rough retaining wall, built of 
blocks of quartzite swung across from the 
hanging wall by means of a derrick. The 
triangular space thus formed would hold 
all the waste rock for a long time to come, 
and would afford a minimum haul. It 
might not answer to deposit earth in such 
positions, as heavy rains would be likely to 
wash it into the pits. The dip of the foot 
wall in this, as well as in most cases, will I 
think become flatter in depth, so that a 
better opportunity will be afforded for a 
second similar waste receptacle at greater 
depth, if one should be required. This 
plan would also have the advantage, when 
under-ground work is begun, as it soon 
will be, of affording a good support to the 
roof of the mine. 

II. Mryixe Proper, or Breaxrxe One.— 
This general head embraces all the labor 
incident to blasting the materials down from 
the solid ledge and breaking it up into frag- 
ments that may be easily handled, and the 
separation of the ore from the rock by hand. 
The average cost under this head is $1.05 
per ton of ore produced, which equals forty 
per cent. of the whole. The character of 
this work will be sufficiently well understood 
from the table and the following explana- 
tion : 

1. Ledye or Stope Holes.—The drilling 
or rock-boring is now entirely done by hand. 
The steel used for drills is 1} in. octagon with 
a bit 1} in., making a hole nearly 2 in. in 
diameter. Drills vary in length up to 24 ft. 
English steel is used at some mines, but ama- 
jority use American steel, and the most expe- 
rienced men who have used both inform me 
that the drill steel made by Hussey & Wells 
and Parke Bros., Pittsburgh, is about as 
good as the best imported steel, and much 
better than the average. The drill is turned 
by one man sitting and struck by two stand- 
ing, with 8 lb. hammers, at the rate of thirty- 
six blows per minute each. In this way 
from 9 to 11 ft. of hole are sunk per day, the 
men working usually on contract. The price 
of stope holes ranges from 60 to 80 cents 
per foot in depth, the mean being not far 
from 75 cents; no mine costs have to be 
paid out of this price. When there isa 
large proportion of block holes, which ad- 
mit of the use of smaller steel, the whole 
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drilling of a pit is often let at from 60 to 65 
cents. Very deep holes, say from 15 to 22 
ft., are sometimes sunk with 2-in. bits, which 
about doubles the cost. In these cases, two 
men sometimes turn the drill and three 
strike. 

The cost of drilling ledge holes per ton 
of ore, varies from a mere trifle in the case 
where one 22 ft. hole throws down 4,00 
tons, as has been done to a very large 
item on low stopes with perhaps tight, 
hard ground. From three (3) cents to 
25 cents per ton muy be regarded as ex- 
treme averages, although 35 and even 48 
cents have been reached, for short periods, 
under very unfavorable circumstances. The 
price given in the table (11 cents) approxi- 
mates to the average for hard ores; this 
number, divided into 75 cents, the average 
cost of drilling per foot, gives say 7, which 
should represent the number of tons of ore 
broken per foot of hole drilled. The data 
obtained directly under this head confirms 
this amount, which is equivalent to about 
two cubic yards per foot of stope hole. 

The depth of stope holes varies from 2 to 
22 ft., the short ones being employed in 
“taking up bottom,” that is, in squaring 
the stope so as to give the best chance for 
the deep holes. The average of 1,500 stope 
holes of all kinds in one part of the Wash- 
ington Mine was 4 ft. 9 in., but the stopes 
which furnished this result were below ave- 
rage height. It is believed that 9 or 10 ft. 
would be nearer the average for deep holes, 
and say 3} feet for the short ones. 

2. Block Holes.—The masses of rock and 
ore loosened by the heavy blasts already 
described, are often so large that they have 
in turn to be broken with explosives, which 
operation is termed block-holing. The 
amount of this work varies from almost 
nothing in some pits and some mines, to 
four-fifths of all the drilling required in 
others, the maximum being reached on high 
stopes of hard tough ore. Over two hun- 
dred block-holes have been required to one 
stope hole in the Cleveland Mine, one hole 
being required to every 2 to 4 tons of 
ore. Block-holes sometimes produce frag- 
ments so large as to require block-holing in 
turn, before they are made small enough to 
be mastered by the sledge. Block-holes 
vary in depth from 8 to 24 in., the mean 
ranging near one foot. With nitro-glyce- 
rine the holes need not be so deep as for 
powder. One-inch octagon steel is used in 
this work, making a hole nearly 1} in. in 


” 


~ 


diameter. The drilling is performed as in 
the case of deep holes, but usually only one 
man strikes. 

In the same ground, the same drill gang 
will sink more then twice the number of feet 
of block hole in a day with small steel, than 
of stope hole with large steel—ranging from 
24 to 27 ft. In open mines of strictly hard 
|ore this work costs more than stope holes, 
and is set down in the table at 13 cents per 
ton. This amount, added to the 11 cents 
given as the cost of stope holes per ton, 
equals 24 cents for the total cost of the labor 
of drilling required under breaking ore: this 
would equal about 70 cents per cubie yard, 
which would pay for 1 ft. of 2 in. drill hole. 
But this is by no means the whole ; the work 
of sinking and drifting, which is set down as 
aggregating 20 cents, is more than half 
drilling; and a part of the cost of rock 
stripping is also for this work. I estimate 
that 40 cents per ton of ore is not far from 
the actual price paid for this kind of labor 
in the hard ore mines, equal to 15 per cent. 
of the whole cost. On this estimate, not 
less than $300,000 were paid out for drilling 
in 1870. This work, from the favorable cir- 
cumstances under which much of it is done 
in open excavations, no scaffolding being 
required, is by far the most mechanical 
labor performed about the mine. While 
the absolute cost of this item of drilling is 
very large, and can undoubtedly be re- 
duced by the use of the power-drill, it is, 
as compared with some other mines and 
regions, small. Our open cuts or quarries 
afford far better facilities far blasting than 
underground mines. In one Southern New 
York mine the drilling cost, in 1870, $1.25 
per ton of ore, or 40 per cent. of the whole 
cost of mining; in a large magnetic mine in 
New Jersey, it cost from 60 to 80 cents per 
ton of ore. In the Presberg mines, Swe- 
den, when the ore cost, in 1870, $2.20 cur- 
cency per ton, the drilling was 40 cents per 
ton, equal to 23 per cent. of the whole cost, 
being considerably more than ours abso- 
lutely and relatively. When we consider 
that the average wages in Sweden is not 
far from 50 cents per day, or say 1th of 
what is paid Lake Superior miners, it would 
seem as if Sweden would be a good field 
for a power-drill. 

3. Sledging, Sorting, and Loading.—In 
considering this item, it must be borne in 
mind that the ore and rock have not only 
to be broken so that they can be removed, 





but so fine as to be easily separated, and so 
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that the pieces can be fed into a Blake 
crusher. This work requires more muscle | 
and as much skill and care as any other 

done at the mine. ‘Twenty-three-pound 

sledges are employed, and the difference in 

results, between the experienced miner who 

strikes the lump of ore the right blow in 

the right place, with this immense hammer, 

and the tyro, is very great. Contracts for 

sledging and loading, sometimes including < 
little lock-holing and short tramming, have 
been let at prices varying from 20 to 50 
cents per ton. The loading usually costs 
not to exceed 10 or 12 cents, the balance be- | 
ing chiefly sledging. ‘There is a wide dif- 
ference in the texture of ore, some kinds re- 
quiring five times as much sledging as 
others. On the whole, Marquette ores 
break with much greater difficulty than 
those of the Eastern magnetic mines. With 
poorer ground worked and the market 
more in favor of buyers (which makes them | 
more exacting on quality), the cost of this | 
element will be increased. 

III. Miyine Marertars anp ImpLements, 
EMBRACING “Mine Costs.”—This general 
head is subdivided in the table into Ex- 
plosives, Tools, and Repairs, which are in | 
turn itemized, as will appear below. The 
expense incurred under this head is 31} 
cents per ton of ore produced, equal to 
about 1 2 per cent. of the whole cost. 

1, 2. Axwplosives.—Powder and fuse and 
nitro- glycerine. The present (1870) is an 
unfortunate time to collect statistics regard- | 
ing the cost of explosives, for the reason 
that nitro-glycerine is on trial, and most of | 
the mines employ both it and powder in the 
same pits, making it difficult to separate | 
the results. The place of the new explosive | 
cannot be said to be fixed in our mines. It 
is more powerful than powder, bulk for | 
bulk, or weight for weight; can be used in | 
wet as well or better than in dry ground, 
which is very important in some places ; it | 
has so far proved no more dangerous than 
powder, and its fumes have not been found 
objectionable. As has been stated, the 
fragments resulting from its use are usu- 
ally smaller, hence require less sledging, 
and it being more powerful than powder, 
.less drilling is needed. I have not suffi- 
cient data to institute a comparison between 
it and powder for general use; for very 
wet or very tight ground, and for much of 
the sinking and drifting, it answers better 


! 
ledge remains to be seen. 


|data obtained varied from 7 


Certainly it can- 
not be used to fill the cracks produced by 
shaking, when heavy sand blasts are re- 
quired; and it is doubtful whether drill 
holes large enough to contain the requisite 
amount of the blasting oil can be profitably 
employed. It certainly costs more per ton 
of ore mined than powder, but how tar this 
greater cost is balanced by other advan- 
tages remains to be seen. It is significant 


| that in 1870, being the next year after its 


introduction, over $70,000 were sold in the 
| Marquette Region at $1.50 per lb. The 
Painsville (Ohio) Co. have erected (1871) a 
factory near Marquette. No other explo- 
sives than powder and nitro-glycerine have 
been used. 

The figures given in the table, and what 
follows, refer exclusively to powder, the 
nitro-glycerine element having been elimi- 
nated as far as was possible. Fuse costs 
about 4 a cent per ton, which leaves 9 cents 
per ton for powder, which ace ording to the 
to 10 cents. 
The price of powder ranged ions $3.75 to 
$4.50 per keg of 25 lbs. Therefore an 
average of 45 tons of ore should have been 
broken with one keg of powder, or about } 
Ib. of powder to one ton of ore. This, it 
must be remembered does not express the 
actual work of the powder, on account of 
the amount of rock moved in addition to the 
ore—in one instance 23,000 weighed tons 
of material required 320 kegs of powder, or 
72 tons per keg. In another instance 31 


| kegs threw down 3,500 tons (approximate) 


of quartzite, or 113 tons per keg. One mine 
which produced over 100,000 tons of ore 
in 1869, consumed for all purposes one 
keg of powder to every 43 tons of ore pro- 
duced. 

The waste material in this case did not 
amount to over 20 per cent., hence about 52 


| tons, or, say, 18 cubic yards of material, 


were moved per keg of powder. The con- 


|sumption of explosives per ton of ore must 


increase as the mines grow deeper, either 
by the greater amount required to remove 
the rock covering, or by the less favorable 
opportunity afforded for blasting, if the ore 
be won underground. 

In one group of New Jersey mines, the 
powder and fuse cost 18 cents per ton; 
in another mine in Southern New York 144 
cents; in Sweden, at the Presberg mines, 
15 cents. Allof which figures considerably 
exceed those reached in Marquette, which 





than powder. Whether it is suited to 


breaking the great masses from the solid | 


is an additional proof of the economy of 
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working iron mines as open quarries as long 


as possible. 

3. Steel_—The use of steel drills has al- 
ready been described, and reference made 
to the brands in use. My data, which are 
far from complete under this head, indicate 
that the cost of steel per ton of ore ranges 
from } to 3,4; cents, averaging perhaps 1,5; 
— ; the price of steel being 20 cents per 

). 


or about 3 cubic yards per lb. of steel con- 


sumed, which is less than the data obtained | 


direct on this point seemed to indicate. 
It is the practice at some mines to charge 


the ore contractors 2 per cent. on their con- | 


tracts for wear of steel, which agrees nearly 
with the above. At other mines the steel 
is weighed at the end of each month, and 
the contractor charged with the shortage, 
whatever it is. 

1V.—Hanvuine Ore rrom Mryers’ ILanps 
ro Cars and Pumprxe.—The pumping which 
has heretofore been a small item in the 
Marquette Region, could not well be sepa- 
rated from the hoisting of ore, as the same 
machinery does both. 
of some New Jersey magnetic mines costs 
75 cents per ton of ore; at the Presberg 
mines, Sweden, it costs but 7 cents. The 
entire cost under this head, including hoist- 
ing and pumping, is 41 cents per ton of ore 
produced, which equals 154 per cent. of the 
whole. This work is done in part by horses, 
part by men, and part by steam. 

1, 2, 3. The work of horses in handling 
ore.—The team work employed at the Mar- 
quette mines, apart from the stripping, 
amounts, according to my inquiries, which 


have been quite full on this point, to 10 per | 


cent. of the whole cost of mining, or say 27 
cents per ton, the drivers’ wages being the 
largest item. This cost is obtained by divid- 
ing the total expenditure for teaming by the 
total number of tons of ore produced. If it 
was figured only on the ore actually handled 
by horses, it would be much greater. If to 
this were added the cost of the team-work 
employed in stripping, the total would not 
be less than 30 cents per ton of ore, or say 
$250,000 on the product of 1870, a sum 
sufficient in itself to supply all the mines in 
the region with all the additional steam 
hoisting and pumping machinery and small 
locomotives required to do the work now 
done by horses, and at a very much less 
yearly cost. We may verify this almost in- 
credible estimate in another way. The total 
number of horses employed at all the mines 


This would give about 11 tons of ore, | 


This item in the case | 
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in 1870, including hired teams, averaged 
about 364, or 30 to each mine, varying 
from 9 to 74. The best data I could get in- 
| dicate that to run a lot of horses for one year, 
including wages of drivers, stable-men, 
smiths’ work, forage, repairs of vehicles 
and depreciation, in the years 1869 and 
1870, cost an average of $650 per horse. 
The wages of hired teams, including dri- 
vers, for the same period, was $6 per day. 
| At this rate, 364 horses would have cost 
nearly $240,000, a sum sufficiently near the 
‘other to confirm the general truth of the 
estimate. 

These figures surely justify the prediction, 
| that if there ever comes a period when our 
| mines do not pay, it may be due largely to 
In this age of steam, has a busi- 
ness any just right to prosper which employs 
horses to do work that can be done more 
cheaply by machinery ? The average num- 
ber of tons of ore handled per horse employ- 
ed in and about the mines for all work in 
1870 was 2,350, ranging from 1,150 to 5,300 
tons. In considering these facts it must be 
borne in mind that the mines in question 
are not by any means without steam power. 
Twelve engines, varying in power from say 
10 to 50 horse, were at work. ‘To prove 
that this item of cost is unusally large in 
the Marquette Region, I will give a few 
facts regarding the employment of live 
stock at mines, which have come under my 
notice elsewhere. While the cases cited do 
not present all circumstances like the Mar- 
quette mines, they are sufficiently near to 
afford interesting comparisons. 

The Cornwall Ore Bank Company, Penn- 
sylvania, shipped from their one immense 
| deposit, in 1870, over 174,000 tons, employ- 
|ing no horses in the work. ‘The ore was 
all handled by one locomotive, the cars be- 
ing loaded by wheelbarrows. No pump- 
ing is required in this mine, and the facili- 
ties for reaching the ore with cars are un- 
usually good. ‘The ore is quite soft, so that 
the blasting does not endanger the tracks. 

The Iron Mountain Mine, Missouri, ship- 
ped, in 1870, more ore than any one mine 
‘in the Marquette Region. It employed, 
| during the winter 68, and during the sum- 

mer, a somewhat less number of horses and 
mules. One animal moved about 12 tons 
| per day, or 3,600 tons per year; but more 
| than three-fourths of this stock was employ- 
ed in getting “surface ore,” a feature which 
does not exist in Marquette mining. The 
blutf (quarried) ore moved per horse em- 


horses. 











390 





VAN NOSTRAND’S ENGINEERING MAGAZINE, 








ployed, was more than five times the above 
amount. No steam engine or locomotive 
was in use at the mine. 

At the Caledonia and Keene mines, St. 
Lawrence County, New York, in 1869, three 
horses handled 27,500 tons of ore and 
waste, the average haul being over 700 ft. 
all up grade, in places steep. This gives 
over 9,000 tons per head; steam was not 
employed for handling material at either 
mine. 

The Sterling mine, Orange County, New 
York, shipped, in 1869, 40,000 tons of ore, 
which was handled under circumstances 
quite similar to those encountered in the 
Marquette Region, by two horses and one 
small stationary engine, which gives 20,000 
tons per animal employed. ‘The system of 
tramways and sidings at this mine is very 
complete. 

Passing from American to Swedish mines, 
which are far deeper, and in which there is 
a larger percentage of rock mixed with ore, 
we find that in the Presberg mines, in 1870, 
the total cost for handling ore and water- 
drawing, was 143 per cent. of the whole 
cost, or 33 cents per ton of ore; and this 
amount included the handling of all the rock 
and other waste material, which in our table 
is embraced under Dead-work. If we take 
out of dead-work 10 cents for handling the 
waste material, and add it to the amount 
found above, we have 51 cents as total cost 
of handling Lake Superior ores, equal to 
20 per cent. of the whole cost, or about 
50 per cent. greater than in the Swedish 
mines, where steam and water are exclu- 
sively used. 

5. Machinery for Pumping and ILoist- 
ing.—Notwithstanding the great cost of the 
work of horses, a large amount of machin- 
ery, as has already been remarked, is now 
in use, eight out of the eleven larger mines 
having more or less complete plants. (1870.) 

The introduction of machinery has so far 
seemed to make but little relative diminu- 
tion in the number of horses employed, be- 
cause of the greater amount of waste ma- 
terial which has to be moved in the later 
years. ‘The figures given in the table op- 
posite this item, 11,4; cents, is designed to 
be an approximation to the cost of running 
the machinery of such mines as have plants 
distributed over the entire product of those 
mines. I estimate that less than one-half 
of the product of such mines was handled 
by machinery in 1870. The actual cost of 


the ore so handled, including the pumping, 





varied from 14 to 21 cents, the mean as 
shown by my data being about 18 cents. 
This cost is made up of wages of engineers 
and firemen, say 15 per cent.; fillers, land- 
ers and surface tramming 60 per cent.; fuel, 
repairs of machinery and supplies, say 25 
per cent. This covers cost from miners’ 
hands to cars or stock pile. 

While this sum is materially less than 
the cost of the same work by horses, it is 
much greater than in the Copper Region of 
Lake Superior, where this business is 
brought to great perfection. Some of the 
appliances employed in the Copper Region 
can not be used at iron mines on account of 
the greater irregularity of the deposits. 
But time will introduce many economies, 
which will reduce this cost below the figures 
given. It must be borne in mind in com- 
paring the cost of steam machinery with 
horses, that in the case of the engines all 
the pumping is included, while the horses 
handle only the ore. Making this correc- 
tion, it is safe to say that it costs at least 
four times as much to handle the same ore 
by horses as by machinery. 

The following described machinery plant 
has been recently erected at the New York 
mine, and will give a good idea of the kind 
in use. It consists of one steam engine 
with cylinder 16x24 in., with bed cast solid 
in one piece. Valve is of the kind known 
as the H-valve, and is wurked by link mo- 
tion; steam pipe 4 in. in diameter, exhaust 
pipe 6 in. in diameter; engine supplied 
with the Judson governor. Pump for feed- 
ing boiler is worked from crosshead. Main 
shaft is 5 in. in diameter, of hammered iron, 
and 6 ft. long. One boiler 42 in. shell, 21 
ft. long, with two 14 in. flues. Smoke stack 
is 35 ft. high and 20 in. in diameter. The 
winding drums are 4 ft. in diameter, and of 
sufficient capacity to contain 525 ft. of 14 
in. wire rope. ‘They are worked by positive 
clutch movement, thrown in and out of gear 
by means of hand wheels attached to lever 
by pinion and gear. The brakes are known 
as band brakes, which clamp the entire sur- 
face of the drum 5 in. in width, and are of 
sufficient power to hold a loaded skip at 
any point in case of accident. They are 
worked by levers with hand or foot, as may 
be desired. The drums make about 13} 
revolutions per min., the engine making 80, 
which gives the skip a speed of a trifle less 
than 3 ft. per sec. The skips are of heavy 
boiler iron, each having four 12 in. wheels. 
The capacity of each is 18 eubie ft., equal 
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to about 1} tons of ore. The pump is 8 in. |—This covers only those expenses in the 
in diameter by 6 ft. stroke, capable of dis- | mining region, and not salaries of officers 








charging 243 gallons of water per min. It 
is worked from a slotted crank arm, on end 


of main drum shaft, which admits of length- | 


ening or shortening the stroke at pleasure. 
The pump is double acting with single valve 
on a new place. It is furnished with rods, 
travellers, connections, balance bobs, ete. 


This machinery was furnished complete in | 


all its parts and set up at the mine in com- 
plete order for pumping and hoisting for 


$6,000, by the Iron Bay Foundry, Mar- | 


quette, Mich., 1870. 
VY. Management anp Gexenat Exreyses. 


|above the superintendent, nor the cost of 
selling the ore. 

1, 2.—Salaries, Office Expenses, and 
| Taxes.—This element of cost constitutes 
| less than 5 per cent. of the whole cost of 
| the ore, amounting to about 12 cents per 
|ton. I am happy to note here a much bet- 
ter showing than in the Presberg Mines, 
| Sweden, where this item, in 1870, cost 16} 
| per cent. of the whole, or 36 cents per ton 
of ore; nearly three times its cost with us. 
I presume the excess of this item in Sweden 
may be largely due to heavier taxes. 


| 


COSTS OF NARROW-GAUGE RAILROADS, FROM SURVEYS AND 


CONSTR 
From the “Chicag 


ro Railway Review 


The estimates herein presented of the | 


cost of preparing the road-bed ready for 
the iron, with a gauge of 5 ft. (the standard 
gauge of the South) and a gauge of 3 ft., 
have been made with great care from the 
final location surveys of the First Division 
of the Memphis & Knoxville Railroad, for 
which they were prepared. 


ROUTE OF TIE ROAD. 


This road, when completed, will connect 
the cities of Memphis and Knoxville, in 
Tennessee, by the shortest and most practi- 
cable route, passing through Somerville, 
Bolivar, Columbia, McMinnville and Kings- 
ton. 
the table-land between Wolf River and 
Noncomah Creek, on Wolf and Soosa- 
hatchie Rivers, and bisects the angle formed 
by the Memphis & Louisville and Memphis 
& Charleston Roads. The surface of the 
country is undulating,—in places rolling 
and broken, but with no serious obstacles 
to the construction of a first-class road at 
the average cost per mile of Southern roads. 
The road has been located as far as Bolivar; 
and with the view of bringing its cost as 
nearly as possible within the means of the 
people along the line, the Directory has 
adopted a gaugo of 3 ft. It has not been 
found necessary to use a steeper gradient 
than 66 ft. per mile,—and this only for 
short distances. There are no curves of 
less than 1,146 ft. radius, and none of this 
radius on steeper grades than 46 ft. per 
mile. 


On leaving Memphis, it is located on | 


UCTION. 


THE ROAD-BED. 


Clearing and Grubbing, where there is 
any, is heavy; as the timbered land is cov- 
ered with a dense growth of white oak, pop- 
lar, gum, and hickory of the finest quality. 
| The Grading will be all earthwork and 
| easy to handle, as there is neither hard-pan, 
| loose rock, nor solid rock found on this por- 
| 
| 


tion of the line. The average haul will 
not exceed 400 ft. 

Bridging—There will be one girder- 

bridge, of three 50 ft. spans, over Wolf 
River. The piers will be piling. 
| Piling and Trestling and Log Culverts. 
| —In consequence of the soil on parts of the 
line being very liable to wash during heavy 
rains, piling will generally be used in pref- 
erence to trestling,—for which safe founda- 
| tions would in some places be difficult to 
obtain. The unusually large quantity of 
| piling is not attributable to the crossing of 
| numerous watercourses, or low and swampy 
lands; but to the fact that there is no rock 
suitable for building purposes found in any 
of the western counties of Tennessee, and, 
consequently, it is deemed more economical 
to use piling where culverts are requisite. 
Sufficient room will be left for putting in 
masonry after the road is in operation,—in- 
asmuch as building-stone, hydraulic cement 
and lime of excellent quality can be obtain- 
ed, and hauled on cars from the splendid 
quarries through which the road will pass 
near its crossing of the Tennessee River, to 
the site of the structure. 











Prices.—The costs of materials and labor 
are such as are now ruling in this section, 
and are fair and reasonable. 

Eingineering.—This, with right of way, 
salaries, printing, stationery, etc., will cost 
as much on the narrow as on the broad 
gauge; at least such is my experience with 
the surveys. 

SUPERSTRUCTURE. 

The average weight of rail per yard on 
Southern roads is about 60 Ibs., and of en- 
gines about 25 tons. As itis not intended 
to run engines of greater weight than 15 
tons over the Memphis & Knoxville Road, 
I have estimated the rails at 30 Ibs. per 
yard, which I think will be a fair compara- 
tive estimate. With the view of contribut- 
ing a few facts with regard to the compara- 
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tive cost of broad-gauge and narrow-gauge 
railways in West Tennessee, 1 herewith 
submit the estimates in detail, so as to show 
the comparison of each particular kind of 
work, or material used. The saving in fav- 
or of the 3 ft. “narrow-gauge” is very great, 
amounting to $227,136.00 for 30 miles of 
road-bed and superstructure. There will 
doubtless be some saving in the cost of roll- 
ing-stock and equipments; but as this is 
controlled more by the amount of traffic the 
road has to perform, than by the gauge, I 
have not estimated it. Had this line been 
through a mountainous country, with heavy 


'rock-excavations, the narrow gauge would 


have effected a much greater saving than 
that above stated, which though for a com- 
paratively level country amounts to 41 per 
cent. 


Estimate of Cost of the First Division, Extending from Memphis to Macon, Length Thirty Miles, Gauge 


Five Feet. 
COST OF ROAD-BED. 
664 Stations, clearing and grubbing at 39.00 per Station...............00.e0-0eee $5,976 00 
461,150 Cubic yards earth excavation at 30 cents per cubic yard............ .+.s00e- 138,345 00 
150 Lineal feet girder bridge at $12 per Lineal foot... 2.2.2.0... 0. ce eeeee eee cees 1,800 Ou 


5,665 Lineal feet piling and trestling at $7 50 per Lineal foot................- 
41,520 Cubic feet timber in log culverts at 34 cents per cubic foot 
86,950 Cubic feet timber in cattle-guards, roads, etc., at 3 cents per cubic foot... .... 

9,860 Feet board measure, plank in ditto, at 8 cents per foot, board measure......... 


1,108 50 
295 80 





Laying thirty miles of track at $500 per mile... ... 0.0... cece eceeceece recurs 15,000 00 
$206,391 00 
79,200 Cross-ties at 40 cents each...........+000- Paeeieels creeecwedeege cee ae 
Engineering, right of way, salaries, oflice expenses, stationery, in- 
a aksa ha caccusueeee kak eeGEiRtehe b0bteaGabaaeseuee 10,000 00 


£41,680 00 
—-——_—— $248,071 00 





COST OF SUPERSTRUCTURE, 


3,168 Tons of Rails (60 Ibs. per yard) at $90.00 per ton... ........ 


12,000 Joint fastenings at $1 each....... 
165,009 Pounds spikes at 5 cents per pound..... eevee 


Total for road-bed and superstructure............ 


Cost per mile for road-bed............ Gretsrenainenek ee 
Cost per mile for superstructure............sesseceeees 


Cost per mile for road-bed and superstructure... 


Estimate of Cost of the First Division, Extending from. Memphis to Macon, Length 


ee ee ee Ome eee meee ee eeereeee 


$285,120 00 
12,000 00 
8,250 00 

——=ens (§005,570 09 








$553,441 00 
$8,269 00 
10,179 00 


$18,448 00 


Thirty Miles, Gauge 


Three Feet. 


COST OF ROAD-BED, 


589 Stations, clearing and grubbing, at $9.00 per Station................ 
244,200 Cubic yards earth excavation. at 30 cents per cubic yard... 
150 Lineal feet girder bridge at $12 per Lineal foot.. 
5,655 Lineal feet piling and trestling at $6 per Lineal foot .. . 
29,589 Cubic feet timber in log culverts at 33 cents per cubic foot..... .... 
238 40 Cubic feet timber in cattle-guards and road crossings at 3 cents per cubic foot. . 
6,620 Feet board measure, plank in ditte at 3 cents per foot, board measure.... ..... 
Laying thirty miles of track at $375 per mile... 


79,200 Cross-ties at 30 cents each .. 


Engineering, right of way, salaries, office expen 


incidentals........... 


ses, stationery and 








$33,760 00 











$161,089 00 
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COST OF SUPERSTRUCTURE, 


1,584 Tons of Rails (30 Ibs. per yard) at $95 per ton 
10,500 Joint fastenings at 80 cents each 
105, 600 Pounds spikes at 6 cents per lb.........+- 


Total for road-bed and superstructure 


Cost per mile for road-bed.... 
Cost per mile for superstructure 


Total cost per mile for road-bed and superstructure... . 


RECAPITULATION, 








uu = a5 
a es Be 
° zz = e2 
© 4 5 = 
3 7 o< 2 
g o ay ot 2 So é 
cS to pea = of I 
Zz 3 EERE ea gas 
ra) oO O a) Oo 
Miles. Feet. 
30 5 ($248,071 00 |$305,870 00 | $553,441 00 
30 3 161,089 00 | 165,216 U0 | 826,305 00 
| 
Jiff. in favor 


of 3 ft. ga’e. | $86,982 60 [$140,154 09 | $227,136 00 


MILE, 


COST PER 


Superstruc- 
ture, 


Road-bed. Total. 


$8,269 00° 
5,309 63 


$10,179 00 
20 


$18,448 00 
10,876 83 


ee 
3 ft.. 5,507 
Diff. of cost per 

mile in favor of | 

8 ft, gauge.... | $2,899 37 $4,671 80 $7,571 17 


By ive the 3 ft. gauge the Company | 


will save on the cost of ‘preparing the road- | 
on the cost of superstruc- | 
on road-bed and super- | 


bed 35 per cent.; 
ture 46 per cent.; 
structure 41 per cent. 


FINANCES AND BUSINESS RESULTS. 


A fair estimate of the cost of building | 


and equipping the First Division of the 
Memphis & Knoxville Railway on 5 ft. 


gauge would be $25,000 per mile, which | 


would give for 


Co er err ee ree $750,000 
The amount of Stock Subse riptions which can 

be raised along the line will not exceed 

$8,000 per mile, which for 30 miles is..... $240,000 





Leaving to be raised by bonds, or otherwise $510,000 
To which should be added, say 15 per cent. 


discount and commission. canabelnesue wane 76,500 | 
Making total to be raised by sale of bonds... ~ $586,500 


| Leaving to be raised by bonds, or otherwise. 


| To be 


$150,480 00 
8,400 00 
6,336,00 


—_——_——. $165,216 00 


osseeceen $326,305 00 
63 
20 


25,369 


5,507 





$10,876 83 


Add interest at 8 per cent. for say 20 years.. 938,400 





To be paid in 20 years.. ....... e+. $1,524,900 
A fair estimate for same division in the 3 ft. 
narrow gauge would be $13,000 per - 
Boone gene sencesceeesss £90,000 
240, 000 
st 50,000 
To which add 15 per cent. discount, commis- 
MONS, C86... ccccccececcecvess 22,500 


#172,500 


Making the total to he raised by sale of bonds 
To which add interest at 8 per cent. for 20 
ee . 276,000 
$448,500 
1,524,900 
448,500 





To be paid in 20 years... 


To be paid by the broad or 5 ft. gauve,...... 
paid by the narrow or 3 ft. gauge 





Saved by using the narrow gauge $1,076,460 


In 20 years, $53,820 per annum. 
WHAT THE ROAD CAN DO. 


Suppose the gross earnings of the road 
on either gauge to amount to $5,000 per 
mile, per annum, the saving on first cost 
would enable the narrow-gauge road to 
transact the same amount of business for 5} 


| per cent. less than it could be transacted for 
'by the broad-gauge. 
y gaug 


In other words, the 
Memphis & Knoxville Railway, built on the 
narrow gauge, will be able to pay the same 
rate of interest on its bonds, and the same 
dividend on its capital stock, and then, by 
reason of its reduced cost of construction 
' alone, carry freight and passengers for 5} 
per cent. less than could possibly be done 
by the broad gauge over the same route. 

In addition, there will doubtless be a large 
saving in the expense of operating the nar- 
|row-gauge road, but of this I am not able 
to speak from experience. 

Respectfully submitted. 
THos. . MILLINGTON, 

Chie of Engine er. 


Mr. Edmund Wragge, Chief Engineer 
|of the Toronto, Grey & Bruce and Toronto 
& Nipissing Narrow- Gauge (3 ft. 6 in.) of 
Canada, has made a report to the Chairman 
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of the National Central Narrow-Gauge 
Committee, Hon. C. H. Howland, of St. 
Louis, as follows: 


TORONTO, GREY & BRUCE. 
Cash cost, Weston Junciion to Orangeville, 41 miles. 





So | Per 

Total. | mile. 
Grading, fencing, ties, bridges and 

eee $196,595 | $4,795 

Rails and fastenings ............ 181,015 4,415 
Track-laying and ballasting ...... 67,770 | = 1,653 
Station buildings...... ......... 24,407 | 595 
MS OE WOT .ocscvccecoce eaenes 24,600 | 600 
COS eee woes 1,640 40 
ME ins csesowcneeasees 23,370 570 
— officer, Directors’ 

PMNs 56 seeecunentes arr 15,469 377 
Law expenses. Dividonnes $640wesees 3,936 96 
nid6 ca cnaneheiscneeees 2,000 49 

| 
| 540,802 | $13,190 
Rolling stock............. e+ | 105,960 | 2,560 


sesescceccoee | $646,762 | $15,750 


Total cost.... 





The Toronto, Grey & Bruce Railway has 
cost in cash, as per detailed estimate annex- 
ed, $13,190 per mile, exclusive of rolling- 
stock; and including rolling-stock $15,750 
per mile between Weston Junction and 
Orangeville (the portion of the road which 
is entirely completed). The earthwork 
averages 10,500 cubic yards per mile. The 
line is fenced throughout, at a cost of $800 
per mile. The grubbing amounts to an ay- 


four acres per mile has also been done, the 
grubbing, clearing and slashing having to- 
gether cost $140 per mile. The ties have 
cost on this section an average of 25 cents 
each, or $500 per mile. 

TORONTO & NIPISSING. 
Cash cost, Scarboro' Junction to Uxbr idge, 32 miles. 


Per 


| 
| Total. olin, 
Grading, fencing, ties, bridges and 
ae Sninien | $151,307 | $4,725 
Rails and fastenings............. 139,041 4,345 
Track-laying and ballastin; sea | 46,696 1,460 
Station buildings ................ | 15,012 | 470 
Oe errr ee ; 22,092 | 690 
(OS Saat } 1,500 | 47 
PON gcc cccneseces cece se ; 14,110 | 441 
Commissions, officer “and Direc- | 
"eee wesw} 10,292 | 821 
ROO OP IO 936 | 30 
hac nddwcndceene wees xe | 615 | 20 
| 
| $401,601 | $12,549 
SRO siinecccwasasscecanes } 101,588 | = 3,175 
| 
| 


We Bsns tf ataccesates $503,289 | $15,724 
The Toronto & Nipissing Railway, from 
Scarboro’ Junction to Uxbridge, has cost in 
cash the sum of $12,549 per mile, exclusive 
of rolling-stock, or including rolling-stock, 
$15,724 per mile. The earthwork has aver- 
aged 9,750 cubic yards per mile. ‘The line 
is fenced throughout at a cost of $700 per 
mile. ‘The ties have cost $480 per mile on 
this section, and the grubbing, clearing and 





erage of one-half an acre per mile; the 
clearing to three acres per mile; slashing | 
on each sido of the railw: ay to the extent of | 
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The centre rail system, first proposed and 
patented by Mr. Vignoles, practically test- 
ed some two and twenty years ago by 
Mr. George E. Sellers, on the Panama Rail- 
way, and more recently so strongly advo- 
cated by Mr. Fell, is about to have another 
trial under auspices far more favorable 
than those which attended its employment 
on the late Mont Cenis Railway. This 
time the trial is to be made in B razil, on 
the Cantagallo Railway, a line which bids 
fair to occupy an important place among 
the engineering works which have done, and 


are doing, so much to develop the resources 





slashing, $140 per mile. 
Epuunn Wraceér, 
Ch ief Engines r. 
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of the Brazilian empire. At the present 
time the important cotfee-producing district 
of Cantagallo, situated at a high level, and 
separated from the lowlands by the Organ 
mountains, has to transport its produce by 
mules across the mountain roads to Caxo- 
eira, from which place a railway of 5 ft. 3 
in. gauge has for some thirteen years past 
extended to Rio Janeiro. This transpor- 
tation by mules, however, being cdstly and 
uncertain, naturally led to a desire to ex- 
tend the railway communication across the 
Organ range into the heart of the Canta- 
gallo district, and ultimately Dr. Bernardo 
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Clemente Pinto, an enterprising contractor, 
obtained from the Brazilian Government a 
concession for the construction of a line 
from Caxoeira, across the mountain passes 
to Nova Friburgo, this railway to be ulti- 
mately extended 60 miles further to the 
city of Cantagallo. This line, now being 
constructed by Dr. Pinto, has a gauge 
identical with that of the Mont Cenis Rail- 


way, namely, 1.1 metres or 3 ft. 74%; in., | 


and that part of it which traverses the coast 
side of the mountains, will be laid with the 
centre rail. In a length of 73 miles, this 
mountain portion of the line rises about 
3,000 ft., the gradient varying from 1 in 20 
to lin 12 and being for the greater part 
of the length 1 in 13, while the curves 
are of 40 metres, or about 140 ft. radius. 
In descending from the summit level on 
the Cantagallo side, the mid-rail is dispens- 
ed with, the gradients over the 12 miles 
extending to Nova Friburgo being easy. 

The permanent way of the mountain 
portion of the Cantagallo line is identical 
in construction with that of the Mont Cenis 
Railway as designed by Mr. Brunlees. 
The rails weigh 65 Ibs. per yard, the central 
rail being raised 9 in. above the ordinary 
carrying rails, and being bolted to wrought 
iron chairs, which are in their turn secured 
to a longitudinal sleeper fixed to the or- 
dinary transverse sleepers. As in the case 
of the Mont Cenis Railway also, the mid- 
rail will, on the Cantagallo line, only be 
laid on the steep inclines, the ends of each 
length being tapered so that the gripping 
wheels may pass on and off easily. 

For working the portion of the line thus 


metres, or, say, about 85 ft. The line— 
which has been put down by Mr. Baines, 
the district superintendent of permanent 
way, under the directions of Mr. Charles 
Cabry, the Company’s resident engineer—is 
exceedingly well laid, and was in thorough 
good order when the experiments were car- 
ried out. 

The engine is carried on two pairs of 
coupled wheels 2 ft. 4 in. in diameter, these 
|wheels being driven by a pair of outside 
cylinders 15 in. in diameter with a stroke 
of 14 in., while a second pair of cylinders, 
| 14 in. in diameter and 12 in. stroke, drive 
| the two pairs of horizontal gripping wheels 
| 1 ft. 10 in. in diameter. The wheel base of 
| the engine is 7 ft., while the two pairs of 
horizontal gripping wheels are placed as 
close together as possible, and are situated 
midway between the axles of the vertical 
wheels. The pair of cylinders by which 
the horizontal wheels are driven are arrang- 
ed on the centre line of the engine one above 
the other, the piston rod of each cylinder 
being attached to a long transverse crosshead 
suitably guided, from the ends of which 
connecting-rods lead off to cranks on the 
axes of the leading horizontal wheels. The 
axis of each horizontal wheel has two cranks 
at right angles to each other, the two axes 
on each side of the centre rails being con- 
nected by coupling rods, while the leading 
axis of each pair so coupled is driven by 
| the connecting-rods already mentioned. 
The axes of the horizontal wheels are 
;mounted in bearings carried by cast-steel 

cradles so arranged that by means of a right 
and left-handed screw the gripping wheels 








laid with the mid-rail three locomotives have | can be made to exert a pressure of any 
been ordered from Messrs. Manning, | desired amount up to 40 tons on the mid- 
Wardle & Co., Leeds, and the trial of one of | rail. The engines for driving the horizontal 
these engines took place on June 21st and | and vertical wheels are perfectly indepen- 
22d last. It was made on a temporary line | dent of each other, there being two regula- 
about half a mile in length, laid for the pur- tors and two sets of reversing gear, while 
pose on the abandoned wire-rope incline | there are also independent ordinary and mid- 
which formerly formed part of the Picker- | rail brakes. The engine has 772 sq. ft. of 
ing and Malton branch of the North-Eastern total heating surface, and is provided with a 
Railway. The old incline was 1 in 14, but | pair of wing tanks carrying 520 gallons of 
by the construction of a slight embankment | water, while the weight is 2 tons empty, 
at the upper end the gradient of the experi- | or about 30 or 31 tons in working order. 

mental line has been increased at that part | The diameter of the vertical wheels being 
to 1 in 11, while a very sharp § curve has | 28 in., while the cylinders driving them 
been introduced. It was intended that the | are 13 in. in diameter, with 14 in. stroke, 
radius of these curves should be the same | it follows that these cylinders are capable 
as that of the curves on the Cantagallo line, | of exerting a tractive force of 84.5 lbs. for 
namely, 40 metres, but by some mistake | each pound of effective pressure per sq. in. 
they were made much sharper, and the ac- | on the pistons. On the other hand, the inside 
tual radius is, we believe, but about 26 | cylinders being 14 in. in diameter by 12 in. 
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stroke, and driving 22 in. gripping wheels, 
each pound of effective pressure per sq. in. on 
their pistons is equivalent to a tractive 
force of 106.9 lbs. This tractive force is 
greater than that capable of being exerted 
by the outside cylinders in the proportion 
of 5 to4 very nearly, and it is possible 
that this proportion may have been decided 
upon in view of the fact that the pressure 
which it is possible to exert upon the 
horizontal wheels is greater than that exert- 
ed by the vertical wheels on the rails. 
However this may be, the engine appears 
to us to be deficient in cylinder power, and 
it is certain that, as matters stand, the out- 
side cylinders are not capable of using up 
the adhesion of the vertical wheels unless 
the engine be worked at a much higher 
pressure of steam than is at present intend- 
ed. With a clean rail, the adhesion may 
certainly be reckoned at 6 tons at least-while 
in many cases it would be much more—and 
to utilize this adhesion would require a | 
mean effective pressure on the pistons of the | 
outside cylinders of nearly 160 lbs. per sq. 
in., corresponding to, say, 199 or 200 Ibs. 
in the boiler, while at present the usual 
boiler pressure is but 130 lbs. per sq. in. 
Messrs. Manning, Wardle, and Co. are 
not responsible for the proportions of cylin- 
ders adopted, although the general design 
and details of the engines have been worked 
out by them. They have had much ex- 
perience in the designing of locomotives for 
special circumstances, while the high 
character of the workmanship which they 
turn out is well known, and in the case of 
the Cantagallo locomotives they have, both | 
as designers and constructors, performed 
their duties admirably. In the case of the | 
Mont Cenis Railway many of the break- 
downs which occurred were indubitably due 
to the defective design and workmanship 
of the engines employed, and hence there 
was some difficulty in separating the fail- 
ures due to these causes from those -due to 
the mid-rail system per se. In the case of 
the Cantagallo line, however, the mid-rail | 
system will certainly have a fair trial, and | 
the breakdowns, if they do occur, cannot 
be laid to the charge of the locomotive build- 
ers. Doubtless, Messrs. Manning, Wardle, 
and Co. have done the best which is to be 
done for the centre rail system, and although 
they have produced a locomotive which, 
from its complication, can only be admire 
as a specimen of workmanship, the com- | 
plication has been reduced to the least | 





amount compatible with the system on which 
the engine is constructed. The trials were 
earried out in the presence of Mr. James 
Brunlees, Mr. Fletcher, the locomotive 
superintendent of the North-Eastern Rail- 
way, Mr. R. F. Fairlie, Mr. Hemans, Mr. 
Barnes, late the locomotive superintendent 
of the Mont Cenis Railway, Mr. Rowland 
Cox, Mr. William Dredge, Mr. Manning, 
Mr. Wardle, Mr. J. B. Fell, and a number 
of other engineers. 

For the purpose of testing the hauling 
powers of the engine there had been brought 
to the incline four of the wagons made for 
the Cantagallo line by the Railway Carriage 
Company, of Oldbury. These wagons, of 
which the weights vary from 4 tons 8 ewt. 
to 4 tons 8 ewt. 2 qr.; are each carried on 
six wheels, arranged on Mr. John Clark’s 
system, the central pair being capable of 
shifting laterally, and being connected to 
the end axles in such a manner as to cause 
them to assume a radial position when the 


wagon is traversing a curve. Each wagon 


is fitted with both ordinary and mid-rail 


| brakes, and during the experiments each 
' was loaded with 6 tons of railway chairs. 


The first run was made with two wagons, 


‘these carrying besides the load above men- 


tioned, about 1} tons of passengers, thus 
making a load hauled of about 22 tons 6 
ewt., or, including the engine, a gross weight 


| of about 524 tons. Both the inside and out- 


side cylinders were used, and with this load 
the engine ascended the incline without 
any difficulty at a speed of 10 or 12 miles 
per hour, the curves at the upper and 
steepest part of the incline, however, not 
being traversed. As the load on this occa- 
sion was considerably below the tractive 
power of the engine, we need not speak of 
this trial further. 

In the second trial the load was increas- 


ed by the addition of two other wagons, 
making the train load, exclusive of passen- 


gers, 41 tons 12 ewt. 3 qr. On this occa- 
sion 28 passengers were carried, so that the 
train load may be taken as 43} tons, ex- 
clusive of the engine, or, say, 734 tons in 


all. ‘This load was also taken up steadily 


at a speed of about 8 miles per hour, and 
although the engine was stopped close to the 
first curve near the summit, at a point 
where only the engine, and perhaps the 
leading wheels of the first wagon, stood on 
the incline of 1 in 11, yet there is no doubt 
that the engine would have taken the load 
right up the latter gradient had the curves 
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been such as to render it advisable for the 
experiment to be made. As it was, how- 
ever, the curves were, as we have already 
explained, made too sharp, and, except in 
the third experiment, of which we shall 
speak directly, it was not deemed advisable 
to run round them. The steepest part of 
the incline over which the whole of the 
above load was drawn was 1 in 12, and if 
we take the frictional resistances of the en- 
gine at 40 lbs. per ton (and a subsequent 
experiment showed that with the two sets 
of machinery working, this is a very moder- 
ate allowance), and that of the wagons at 
8 lbs. per ton, we get the total resistances as 
follows : 





Ibs. 
3.5 x 2240 
Gravity = © ng ME eeceeseesenesess 13,720 
Engine friction = 30 tons at 40 Ibs. =..... 1,200 
Wagon friction = 43} tons at 8 Ibs. =..... 348 
15,268 


The resistance thus amvunted to about 63 
tons, or little more than one-fifth the weight 
of the engine, and without doubt if suffi- 
cient outside cylinder power were available 
the engine would, in favorable weather, 
have taken up the above load without the 
use of the gripping wheels at all, while, 
even under less favorable circumstances, 
the use of sand would secure the requisite 
adhesion. It has been stated that the pro- 
portions of the cylinders are such that the 
inside cylinders exert a pull of 106.9 lbs., 
and the outside cylinders a pull of 84.5 Ibs. 
for each pound of effective pressure per sq. 
in. on the pistons. Supposing, then, that 
equal effective pressures are maintained in 
the two sets of cylinders, the mean effective 
pressure requisite to exert the tractive force 
of 15,268 lbs. would be 80 lbs. nearly, a 
mean effective pressure well within that 
obtainable with the 
which the engine is usually worked. 

The length of the incline was not suffi- 
ciently great to fairly test the steaming capa- 
bilities of the engine, but, so far as could 
be judged from the experiments, there was 
no sign of any deficiency in this respect. 

The third and fourth experiments were 
made to test the hauling power of the en- 
gine when not employing the central rail, 
and were of an interesting character. In 
the third experiment the load attached to 
the engine consisted of one wagon only, 
the weight hauled, including the passen- 
gers carried, being about 12 tons, making 


boiler pressure at | 


RAIL SYSTEM. 
the gross load, including the engine, 42 tons. 
With this load the engine ascended readily 
to the very top of the incline, traversing the 
S curves of 85 ft. radius, situated on the 
gradient of 1 in 11, and showing no signs 
of slipping during any part of the run. 
Inasmuch as during this trial the horizontal 
wheels were out of contact with the mid- 
rail, the engine friction may probably be 
taken as 15 Ibs. per ton; and if the wagon 
friction be taken as 8 lbs. per ton, as before, 
the resistances, when traversing the upper 
part of the incline during the third trial, 
will be as follows, exclusive of any allow- 


ance for the additional friction on the 

curves : 
lbs. 
‘ 42 x 9249 wpe 
Gravity = 7 GP cic civasenvenneed 8553 
a 

Engine friction = 30 tons at 15 lbs. = ..... 450 

Wagon friction = 12 tons at 8 lbs. = $6 

9099 


or about 41 tons, a resistance requiring an 
adhesion of only about + the weight of the 
engine. Owing to the small size of the 
outside cylinders, however, the exertion of 
the tractive force just mentioned required 
a mean effective pressure of 107.7 lbs. per 
sq. in. on the pistons; and to get this it 
was necessary to raise the boiler pressure to 
| nearly 140 lbs. 

The fourth trial was, like the last, made 
| without the use of the horizontal gripping 
}wheels, but the load was increased by the 
addition of a second wagon, making the 
load hauled, including passengers, 224 
tons, and the total weight, including en- 
gine, 524 tons. ‘lo obtain the necessary 
pressure in the cylinders the boiler pressure 
was increased to 145 lbs., and under these 
circumstances the load was taken up readily. 
Owing to a misunderstanding, however, 
sand was applied to the rails during a 
| portion of the run, not on account of any 
signs of slipping being apparent, but from 
| a desire on the part of the driver to make 
|“assurance doubly sure.” It is much to 
| be regretted that sand was thus unnecessarily 
| applied, as the adhesion required was cer- 
|tainly well within the amount available 
| with an unsanded rail. As in the case of 
the first and second trials, the engine was 
| stopped just below the curves at the upper 
end of the incline, and the whole load may 
| therefore be taken as having been hauled 
| over a gradient of 1 in 12, giving the resist- 
| ance as follows : 
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Ibs. 
52. 240 
Gravity == ©2-5 = ets nee 9,800 
Engine friction = 30 tons at 15 lbs, =..... 450 
Wagon friction = 22} tons at 8 lbs. ==..... 180 
10,430 
corresponding to » mean effective pressure 
0,430 ¢ ° 
of _ == 123.4 Ibs. per sq. in. on the 


pistons. Had greater cylinder power been 
available the engine would undoubtedly 
have taken a much heavier load up the 
incline without the use of the horizontal 
gripping wheels. 

The next experiments were made to test 
the tractive power of the engine when em- 
ploying the inside cylinders only, and it is 
only fair to state that they were made under 
some disadvantages. It is at all times 
difficult to keep the oil thrown off by the 
machinery for working the horizontal 
wheels clear of the mid-rail, and in their 
trials after the incline had been traversed 
by the engine several times at brief inter- 
vals, the mid-rail had got very greasy for 
short lengths in several places, and the 
oil thus thrown upon it had had no time to 
harden or dry up. The consequence was 
that to obtain the necessary adhesion dur- 
ing the two experiments of which we are 
about to speak, the gripping wheels had to 
be forced against the mid-rail with a 
much greater force than would have been 
necessary had that rail been in fair condi- 
tion, and hence the frictional resistances of 
the engine were materially increased. It 
has also to be borne in mind that during 
the fifth and sixth experiments the ma- 
chinery of the vertical wheels had to be 
driven, whereas when the trials were made 
with the outside cylinders only, the ma- 
chinery belonging to the horizontal wheels 
was at rest. 

In the fifth trial the load of the engine 
consisted of one wagon only; but as this 
load was considerably below the power of 
the engine we need not discuss it further. 
In the sixth trial, however, two wagons 
were attached, the load being thus the 
same as during the fourth trial. As soon 
as the train was fairly on the incline, and 
the engine had got past that portion of the 
mid-rail which was in the most greasy 
state, steam was shut off from the outside 
cylinders, and the horizontal gripping 


wheels left to do the work alone. No index 
for showing the pressure had been affixed | 





to the screw for tightening up the gripping 
wheels, but the pressure applied to the mid- 
rail was estimated at 40 tons. Notwith- 
standing this, however, the horizontal 
wheels slipped from time to time as they 
came upon a greasy place on the mid-rail, 
and had to be assisted by admitting steam 
to the outside cylinders. 

A most important point proved by this 
experiment was the great increase of engine 
friction due to the employment of the mid- 
rail machinery. ‘The load being the same 
as during the fourth experiment, the resist- 
ance, with the exception of that portion 
due to engine friction, would also be the 
same, while owing to the fact of the cylin- 
der power of the inside engines being 
greater than that of the outside engines in 
proportion of 5 to 4, the mean effective 
pressure required on the pistons should 
have been less than during the fourth ex- 
periment. In reality, however, it was found 
that to draw the load the same boiler pres- 
sure was requisite in the sixth trial as in 
the fourth, and the mean effective pressure 
seems to have been about equal in the two 
cases. To what an excessive proportion 
of engine friction this state of affairs corre- 
sponds, a simple calculation will prove. In 
the case of the fourth experiment, the resist- 
ance to be overcome corresponded to a 
mean effective cylinder pressure of about 
123} lbs. per sq. in., and this mean effective 
pressure was obtained with a boiler pres- 
sure during the sixth experiment being also 
145 lbs., the mean effective pressure in the 
inside cylinders did not differ greatly from 
the 1234 Ibs. just mentioned ; and as each 
pound of effective pressure per sq. in. on the 
inside pistons gives a tractive force of 106.9 
lbs., the pull exerted during the sixth ex- 
periment is approximately 106.9 123.5 
13,202 lbs. Of this force 9800 Ibs. is ac- 
counted for by the resistance due to gravity, 
and 180 Ibs. by the friction of the wagons, 
leaving 13,202—(9800-+-180)—=3222 Ibs. 
to be accounted for by engine friction, or 
over 100 Ibs. per ton for the actual weight 
of the engine ; the pressure exerted on the 
mid-rail may be fairly regarded as equivalent 
to engine weight, and as in this case this pres- 
sure amounted to 40 tons, the engine friction 
might be expected to equal that of a 40-+- 
30—=70 ton locomotive. Even regarded in 
this way, however, the friction is excessive, 
3220 

70 
amount far in excess of that allowed in 





amounting to = 46 lbs. per ton, an 
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calculating the resistances encountered | vers on the Mont Cenis. Altogether, the 
during the second trial. The mode of com- | centre-rail system will be tried. in Brazil 
parison adopted, of course, does not admit of | under the most favorable auspices. The 
any very minute accuracy, but the results | experience gained on the Mont Cenis has 
obtained by it are sufficiently decisive to | been turned to account in constructing the 
show that the working of the mid-rail ma- | new line and designing the stock; the makers 
chinery is attended with a most dispropor-|of the locomotives, Messrs. Manning, 
tionate amount of friction. Wardle and Co., have done everything that 

During the various experiments a num- ; careful designing and first-class workman- 
ber of trials were made of the brake ar-| ship could do to render the engines a sue- 
rangements, and it was found that in all | cess, and, in fact, Mr. Fell could scarcely 
cases, whether ascending or descending, the | desire a fairer trial for the system he advo- 
trains were under most complete control. | cates than it is about to receive in the pass- 
The engine was driven during the experi- | es of the Organ mountains. That the mid-rail 
ments by Mr. Thomas Morten, late the as- | affords a mode of surmounting inclines with 
sistant superintendent on the Mont Cenis | loads which could not be taken up by an 
line, and who is going out as locomotive | ordinary engine, is, of course, a seH-evident 
superintendent on the Cantagallo Railway, | matter ; but that it forms the best—or even 
where he will have the assistance of Mr. | approximately the best—mode of scaling 
Henry Mason, one of the first engine dri- | mountain inclines, is doubtful. 





FURTHER NOTES ON THE CAISSONS OF THE EAST RIVER 
BRIDGE.* 
By F. COLLINGWOND, C. E. 


A paper read before this Suciety at the , advisable to increase the size of the caisson, 
last annual Convention, entitled “A Few! and it was made 102 by 172 ft.; the air- 
Facts about the Caissons of the East River | chamber was of the same height as in the 
Bridge,”t gives account of the construction | other caisson, 9 ft. 6 in. ‘The cross-frames, 
and sinking of the Brooklyn caisson ; these | for the support of the central part of the 
Notes refer almost entirely to the New| roof were much heavier, being of solid 
York caisson. timber, 4 ft. thick; and additional bearing 

surface on the quicksand was obtained by 
CORSERUCTION. _ the introduction of minor frames both across 

Preliminary borings on the sites of the | and lengthwise of the caisson. ‘The total 
piers of this Bridge, disclosed the fact that| sustaining surface, when all brought to a 
the river bed and underlying strata on| bearing, was about 2,700 ft., orfully twice 
the Brooklyn side were essentially different | that of the Brooklyn caisson. ‘This, it was 
from those on this, the New York side. | thought, was required to guard against the 
There, at a depth of about 45 ft., a uniform- | dangerous settlement that might occur 
ly hard bottom was reached, which was should there bea sudden escape of air from 
entirely satisfactory as a foundation. Here, | the air-chamber, which previous experience 
on the contrary, the strata were exceedingly | had shown to be quite possible. 
irregular, all more or less yielding, and | _The roof was increased in thickness from 
with extensive beds of quicksand reaching 15 to 22 {t., and a coffer-dam built from the 
nearly to the rock, which was found at a| top of the twelfth roof course to high-water 
depth of from 77 ft. to 92 ft. below high| mark. By this means greater buoyancy 
tide. | was obtained, the pressure on the frames 

It was at once decided, therefore, that the | and other parts during sinking, lessened, 
foundation must go nearly if not quite to and the stability materially increased. 
the rock. ‘To provide for the pressure of a | scestihalie tim ait 
larger mass of masonry, compared with) 
that of the Brooklyn pier, it was deemed | The interior of the air-chamber was 
——j|lined throughout with light boiler iron 


* A paper read before the American Suciety of Civil Engi- riveted together, and caulked, The surface 


peers. | Sige 
t No. XXX. Transactions ' covered by the lining had an area of about 
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26,000 sq. ft., and was pierced by 6,000 
bolts. Although great pains were taken to 
make these tight, it was found after launch- 
ing, that four compressors were required to 
overcome the leakage of air. Men were 
sent down, and, floating around on rafts, 
they succeeded in stopping the leaks, so 
that one compressor at half speed, and 
throwing about 90 ft. of air per minute, 
more than overcame the loss. 

When the pressure was 34 lbs. above the 
atmosphere, with the shoe sealed by water, 
the leakage was about three times as great. 
With the shoe uncovered, the escape of air 
underneath it and upward throug the sand, 
was frequently 1,200 to 1,500 ft. per minute, 
requiring nearly the whole compressor force 
to supply it. This could always be partially 
controlled by banking up inside the shoe 
with earth. 


THE AIR SUPPLY 


was furnished by 13 compressors, throwing 
3 cubic feet of air (normal pressure) per 
revolution. These were seldom all run- 
ning at once; at the greatest pressure the 
number varied from $ to 12, with a speed 
of 30 to 80 revolutions per minute. The 
highest limit was of course reached, when 
the sand siphons were throwing out ma- 
terial. In the compressor room a mercurial 
gauge showed the actual pressure, and, 
close by it, an indicator moved up and 
down with the tide, and traversed a strip of 
paper, on which were marked pounds. ‘The 
paper being adjusted each morning, the en- 
gineer had always before him the real and 
the required pressure. At the beginning of 
the sinking, the pressure was kept fully up 
to that required to balance the water pres- 
sure at the shoe. 


After a few feet of excavation, it was | 


found that a } lb. less pressure was suffi- 
cient to keep the water out. At 20 ft. of ex- 
cavation, or a total depth of 57 feet, we 
began to run regularly with 1 Ib. less. The 
material, down to this depth, was sand and 
gravel, but it evidently offered a sensible 
resistance to the passage of water through it. 
When the pressure was run down by the 
excessive use of the sand siphons, the water 
would run in slowly for an hour or two; 
the pressure had then to be put up to the 
highest safe limit, and held there two or 
three hours, to drive the water out. 


THE WATER SHAFTS. 


One inconvenience arising from this, was 








the difficulty in keeping a safe supply of 
water in the pools around the water shafts. 
The natural effect of the air pressure would 
be to force the water deeper down in the 
centre of the chamber (where the shafts 
were) than at the shoe ; hence there was— 
as proved by currents in the trenches—a 
constant loss by drainage from the shafts 
to the chambers in addition to that caused 
by the dredge buckets. The head of water 
in the city mains being too small to keep up 
the supply,—as a precautionary measure, a 
steam pump was connected with the caisson 
water pipes, which prevented further 
trouble from this cause. 

The water shafts projected 2 ft. below the 
shoe, and the water was always kept in the 
pools a foot above the bottom of the 
shafts, and ordinarily much higher. This 
was necessary to provide against sudden 
fluctuations in pressure, and on account of 
the pulsations caused by the plunging in or 
withdrawing of the buckets. 

The sand in the pools always stood at a 
very low angle, hence they were kept large 
and well dug out. Unless this precaution 
were taken, the shafts were liable to be 
dangerously sealed, when the work was 
stopped by the slow deposit of earthy mat- 
ter, held in suspension by the water while 
dredging was being done. 

As to be expected, the shafts were most 
useful during the early part of the work, in 
removing mud and other materials which 
could not be taken out by the sand siphons. 
They were employed, however, until a depth 
of 74 ft. was reached, where they became 
practically useless, for the reason that, in 
lifting through such a depth of water, 
nearly all the material was washed out of 
the buckets. 


CAISSON LEVEL. 


Before the caisson was put in place, the 
river bottom, at a depth of 37 ft, was 
dredged to as nearly a uniform level as pos- 
sible. The scour that took place under the 
outer edge of the caisson before it was 
firmly grounded, caused it to take the bot- 
tom at low tide, fully 2 ft. out of level. To 
prevent this, earth was thrown in at high 
‘tide, and a tolerably” uniform bearing 
| obtained. 

At one time afterward, before all the 





dock logs and similar obstacles had been 
| cleared from under the frames, the caisson 
| was 9 in. out of level at the corners; but 
| after getting well into the sand, and while 
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settling from 6 to 11 in. per day, the great- 
est difference of level was 6 in.; and at 
times for a whole week it would not be out 
more than 1 or 2 in. 
the excavation, fully one-half of the caisson 
rested on quicksand, and the other half on 
cemented gravel; but even under these ex- 
treme circumstances we were able to put the 
hard side down lower, while the soft side 
remained stationary. 

Mr. Collingwood said: To show how 
readily the level was controlled, I will state : 
we stopped the caisson exactly at 78 ft., and 
the difference of level at the extreme 
corners of the coffer-dam was only an inch, 
and of the masonry only 3in. We stopped 
and held it there without difficulty. 


SIDE FRICTION, 


The excess in weight of masonry, timber, 
and other parts over the lifting force of the 
air, varied from about 500 tons to 20,000 
tons, the latter being the extreme amount 
at low tide, when the pressure had been al- 
lowed to run 5 Ibs. below that due to the 
head of water, and the caisson was at its 
greatestdepth. It was found impracticable 
to determine the side friction with accuracy, 
for the reason that at no time were the 
frames and shoe entirely unsupported. Two 
different observations gave about 400 lbs. 
per sq. ft.; towards the close, when the 


material was compacted more firmly against | 


the caisson from the slowness of its settle- 
ment, the side friction was evidently much 
greater—probably between 500 and 600 lbs. 
per sq. ft. To increase the weight, a con- 


siderable portion of the sand blown out was | 


allowed to remain inside the coffer-dam. 
Notwithstanding the large overweight on 


the caisson (above its buoyancy when in- , 


flated), the roof was scarcely changed in 
form; the depression, as shown by levels, 
being about an inch ;—an admi 
the thoroughness of the bolting. 
ing was used under the frames, as on the 
Brooklyn side; they rested directly on the 
sand. 
FOUNDATION. 


‘Towards the end of 


‘able test of 


No block- | 
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| was of suitable material to sustain the pier, 
and bore certain evidences of not having been 
disturbed. For instance, at 62 ft. a bone 
of the domestic sheep was found in the sand 
under a large boulder ; and still lower down, 
fragments of brick and pottery. 

The settlement of the Brooklyn pier on a 
similar foundation, with two-thirds of the 
full load upon it, had been but three-eighths 
of an inch ; therefore it was decided to stop 
excavation at the depth of 75 ft. For about 
6U ft. on one side, the bed rock was struck 
at 77 ft.; this was blasted out a foot below 
the shoe, and the space filled in with earth. 
| At two corners a small depth of quicksand 
| remained above the hard stratum; this was 
removed, and concrete put in its place. 

The filling was done as in the other cais- 
son, except that the greater supporting 
power of the frames rendered the brick 
piers superfluous, and they were dispensed 
with. In filling, the spaces under the 
frames were first made solid; then, where- 
ever there was quicksand under the shoe, a 
trench was cut out down to the gravel layer 
mentioned, and filled with conerete. After 
this the filling proceeded by sections, and 
bulkheads were put up for the purpose, as 
described in the paper before mentioned. 

While sinking the last & {t., all the stones 
found, except the small ones (which were 
removed in the usual manner), were stowed 
in pockets attached to the frames, or piled 
| near the centre of the chambers, in spaces 
| excavated for the purpose. 

The last 2 ft. of excavation 
| 





consisted 
mostly of trenching; and as far as practic- 
able, the earth was heaped up and not re- 
moved, by which means a large amount of 
concreting was saved, and the expense of 
filling lessened. 

| s : 
have been mentioned frequently, but no 
| description given of them. In designing 
| the caisson, pipes had been carefully located 
| over the whole area of the rgof, with the 
idea of moving the material excavated the 
| least possible distance. The first plan was 
| to use water as the vehicle by which to 


SAND SIPHONS 


When within about 10 ft. of the highest | carry out the sand, and for this reason the 


portion of the bed-rock, a complete series of 


soundings was made over the bottom. These 
revealed a stratum of cemented gravel over 
the entire area, at a depth of from 77 to 80 
ft., and above and below this a great number 
of boulders, many of them of large size. 
This was the first stratum reached which 
Vou. VIL—No. 4-26 


were grouped so as to give one of 4 
in. to every,3 or 4 of 3.5 in. diameter. These 
pipes extend vertically through the roof, 
and sections were added above as the cais- 
son descended. 

During the early part of the excavations, 
the material was such that it had all to be 


pipes 
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removed by the dredges. Before it became 
practicable to employ the siphons, another 
consideration, namely, ventilation, caused 
an entire change of plan, and it was decided 
to use the air of the caisson as the motor. 
The caisson leaked so little that otherwise, 
to maintain a proper degree of purity, it 
was necessary to waste air; and there was 
no good reason why the power thus stored 
up should not be utilized. This being de- 
cided, the question of interior arrangement 
cime up. We first tried rubber hose lined 
with spiral springs to prevent collapsing, 
making the pieces about 5 ft. longer than 
the chamber was deep, or 14 ft. in length. 
The hose thus hung from the roof in a 
curve, and it was thought that, by sweeping 
it around, all the material within the circle 
described could be taken out with little or 
no shovelling. 

From the constant jamming of small 
stones and sand in the bend of the hose, 
even when mixed with an abundance of 
water, this method very soon proved im- 
practicable. We next tried an injector, al- 
lowing air to enter an adjustable annular 
space surrounding a central passage for the 
sand and air, to which passage a pipe was 
connected, leading to the bottom of the 
chamber; this worked tolerably well, but 
wasted too much air for the work done. 

The next step was to shorten the hose, so 
that it reached within a few inches of the 
bottom of the caisson. The material was 
thrown by about six laborers to a point 
where another laborer kept the lower end 
of the hose in moderate motion from side to 
side. This worked very well, but the sand 
soon wore out the springs, and the hose col- 
lapsed. 

The final arrangement adopted was as 
follows: A piece of pipe 2 ft. long was 
screwed on, near the roof; to this a full way 
cock of the same size opening was attached, 
and next a straight piece of pipe extending 
to within a foot of the bottom of the caisson. 

. The most effective way of working this was 
to heap the and and gravel around the 
lower end of the pipe, for 2 or 3 ft. in depth ; 
then to open the cock wide and let the air 
sarry the material out. 

When working at the best in clean sand, 
a pipe 3.5 in. in diameter, under a pressure 
of 25 lbs. per sq. in., has thrown out 30 
cubic yards in an hour. Owing to the large 
admixture of gravel with the sand, the stop- 
pages from choking were frequent, and this 
speed was never reached except experiment- 





ally. When the pressure reached 28 lbs., 
it was found that the 3.5-in. openings allow- 
ed too much air to escape, and the pipes 
were reduced at the lower end to 2.5-in. 
diameter. This arrangement was all that 
could be desired, so long as the sand was 
clean. At the last, however, there was a 
large admixture of clay with the sand, and 
we had to remove the reducers, and use 
fewer siphons. 

The sand was very sharp, and our next 
trouble was, that the pipes wore through 
near the roof. When this happened, a 3-in. 
pipe was forced up about 2 ft. into the 3.5- 
in. pipe remaining in the roof, and a 3-in. 
cock attached. When this wore off, a second 
reduction to 2.5 in. was made. A mechanic 
was on hand at all times to make such re- 
pairs as were needed, and to clear the 
pipes. 

Occasionally, two stones would jam in a 
pipe at some distance up ; these were easily 
removed by forcing up jointed rods from be- 
low, or dropping a bar attached to a rope 
from above. When working at a pipe from 
below, the precaution was always taken to 
screw on a cast-iron cap above. 

During the first 25 ft. of excavation, it 
was necessary to throw sand over the sides 
of the caisson, to keep the piling surround- 
ing it from sinking; the remainder was 
thrown on the dock and saved for future 
use. As the pipes leading from the air 
chamber were vertical, elbows were used to 
change them to horizontal—an arrange- 
ment easily made ; but the furious blast of 
sharp sand cut through in 30 min. the cast- 
iron elbows at first provided. Wrought 
iron an inch thick would not stand over 10 
hours’ use—end wood was bored through as 
though by an auger. 

The plan finally adopted was to use an 
iron elbow of a foot radius, in which there 
was an opening on the convex side, in width 
equal to the interior diameter, and extend- 
ing within 2 in. of either end; into this a 
back piece of chilled iron, about 2 in. thick, 
was fitted and secured by a key driven into 
2 lugs cast upon the elbow. It was the 
work of a few minutes to remove the key 
and change one of these back pieces ; aman 
was kept on the top of the caisson to attend 
to this. The device was much cheaper than 
any other tried, and worked satisfactorily. 

Great care was required to prevent acci- 
dent from the siphons, as with a heavy 
pressure small pebbles were discharged 
almost with the velocity of musket balls. 
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One of the men, by incautious exposure, 
had a wound made in his arm more than 5 
in. long. At the last, when wasting the 
material inside the coffer-dam, the elbows 
were all removed, the pipes cut down, and 
a heavy piece of limestone placed above 
each, on the coffer-dam braces. 


THE TELEGRAPH 


used in sending messages up and down was 
very simple, and worked well. One of the 
large tubes was capped below, an inch tube 
(riveted at the joints to prevent slipping) 
was passed through the cap, and indexes 
attached. Underneath each index was 
placed a small horizontal table, on which 
was distinctly traced a plan of the caisson, 
together with the position of every pipe and 
shaft. By the revolution of the small tube, 
therefore, attention could be called to any 
one of these in a moment. 

A small rod, also, was passed down 
through the large tube, and its weight 
balanced by a weight above, attached to a 
cord passing over a pulley. A smallindex 
was fixed both above and below; these 
traversed vertical boards on which were 
words and sentences such as, “stop,” 
“ start,” “bucket is caught, ” ete., directing 
what was to be done. 

LIGHTS. 

In the paper before mentioned I touched 
upon this subject, and suggested a theory as 
to the reason why all the lights used (except 
oxy-hydrogen) smoked so insufferably. The 
explanation then given was, that the in- 
creased tension of the air diminished the 
freedom of motion of its particles, and that 
as a consequence of its imperfect circulation 
about the flame, the carbonic acid and ni- 
trogen set free, surrounded the flame as 
a film, caused imperfect combustion, and 
the elimination of large quantities of 
carbon. 

The burners first used in the present 
caisson were 95 ft., fish-tail, and burned 


with a flickering yellow light, consuming a | 


great deal of gas, and smoking almost as 
badly as candles. It seemed to me that if 
the gas could be forced out in a thin sheet, 
under considerable pressure, the difficulty 
might be overcome. Acting on this suppo- 
sition, I procured burners of various sizes, 
and also several kinds of pressure regu- 
lators. Experiment soon showed that the 


regulators were, at least for our use, worth- 
less. But to our great satisfaction, on trying 
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a 2 ft. lava tip, of the pattern known as 
the “excavated bat wing,” it burned with 
a clear white light, and gave off scarcely 
any smoke. As the depth increased, these 
also began to smoke; and when at 65 ft. 
depth, one-foot burners of the same pattern 
were substituted. No farther trouble was 
experienced. 

The arrangement for gas supply was 
very simple. An iron tank was fixed in 
the air-chamber of the caisson, which held 
about 60 cubic ft. Into this the gas was 
| forced by a force pump, stationed on the 
dock above ; and from it distribution made 
to the various burners. A water tank 
above had a pipe leading from it to the 
bottom of the tank in the caisson. The 
water column thus formed gave the real 
measure ofthe pressure under which the 
gas was burned. The difference of head 
(allowing for the difference between salt 
and fresh water) varied from 2 ft. at ex- 
treme high tide, to 9 ft. at extreme low 
tide ; instead of about 2 in. as is ordinarily 
the case. 


VENTILATION. 

Soon after the excavation had been start- 
ed, some peculiar sensations experienced 
by the workmen, led to the suspicion that 
an amount of carbonic acid too large for 
health was present in the air of the cham- 
bers. A rough test with lime water show- 
ed this to be true. 

The question then arose, how much air 
was required—we were already forcing 
down more than stated by many authors as 
necessary to supply a reasonable number 
of lights, and the men employed; the 
amounts given varied from 3.5 to 23 cubic 
ft. per man per min. It apeared at once 
that these estimates had been made under 
| exceedingly diverse conditions, and afforded 

no accurate basis for us to work upon. 
There seemed, however, to be more 
| uniformity in the published experiments on 
| the amount of air inhaled by each person ; 
so that it was possible to arrive with some 
accuracy at the actual amount of carbonic 
acid given off; knowing the amount of gas 
burned per minute, the carbonic acid from 
| this source also was readily determined. 
| With the total amount of carbonic acid 
| known (having decided on what percen- 
| tage of vitiation of the air would be allow- 
a 


| ed), the amount of air required to insure 
| given degree of purity was found by 
| simple proportion. 


a 
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The exhalations from the body are of two 
kinds : those from the lungs and those from 
the skin. We will consider first—respira- 
tion. Experiments show that a person in- 
hales, when breathing. quietly, from 20 to 
34 cubic in.; when walking respectively 1, 
2, 3, or 4 miles per hour, about 52, 60, 75, 
or 91 cubic in.; and in working a tread-mill, 
107 cubic in. of air—per respiration. The 
amount of carbonic acid exhaled is equal in 
bulk to the oxygen consumed, and is about 
4.5 per cent. of the air inhaled. Estima- 
ting that a laborer in the caisson consumes 
as much air as a person walking 3 miles per 
hour, we have with 18 respirations per min., 
the air breathed by 70 men, 75x/0x18= 
4,500 cubic in. Of this 4.5 per cent. or 
4,252 cubic in. is carbonic acid, exhaled and 
thrown off by the lungs. 

The watery vapor expelled by the system 
at the pores, is stated to be, by weight, 
from 1.5 to 2 times the amount of carbonic 
acid exhaled, and contains carbonic acid, 
urea, and albuminous substances in a state 
of decomposition. In the air of the caisson, 
owing to its nearly constant state of satura- 
tion with watery vapor, this vapor would no 
doubt be given off in the form of “ sensible 
perspiration.” In the absence of any data, 
allow that it contaminates one-quarter as 
much air as the breath, and we get carbonic 
acid and the like from the skin equal to 

959 
— = 1062 cubic in. 

We come next to the carbonic acid pro- 
duced by combustion. Carburetted hydrogen 
consumes in burning, twice its bulk of oxy- 
gen; and generates its own bulk of carbonic 
acid. In other words, a cubic foot consumes 
10 cubic ft. of air, and produces a cubic foot 
of carbonic acid. As we were burning about 
5 ft. of gas per min., this gave carbonic acid 
from the lights equal to 8,640 cubic in., and 
from all sources as follows : 





datapecseie oaknan die - 4,252 cubic in. 

aS Siena iaiad pamie® eats 1,062 = 

DR cicveusaesk< dss ahha ee 8,640 - 
Die kica ik ecaenemed 13,954 


or 8.08 cubic ft. 

The next thing to determine, was the per 
cent. of impurity allowable in the air. 
Pure air contains by volume, in round num- 
bers, .8 nitrogen and .2 oxygen. There is 
present, also, a small amount of carbonic 
acid variously estimated from .1 to .04 of 
one per cent.; “10 per cent. of carbonic 
acid causes instant death; 5 to 6 per cent. 
is dangerous to life, and 3 per cent. causes 





acandle to cease burning.” “It is decid- 
edly predjudicial to breathe for any length 
of time, air containing one percent. The 
air in the latter case becomes soporific, de- 
pressing, and altogether injurious.” Writ- 
ers on ventilation recommend that the amount 
present should never be greater than .2 of 
one per cent. Taking, as is given by some 
writers, 3.5 to 5 cubie ft. as the amount of 
air actually vitiated by breathing alone, per 
man per minute, breathing at the very mod- 
erate rate of 30 to 40 cubic in. per inspira- 
tion with 18 inspirations per minute, would 
give .33 to .5 of one per cent. of vitiation. 
As a man laboring hard would certainly 
breathe more air than this, the vitiation 
would probably reach one per cent., which 
was too large to be permitted. 

I assumed therefore, a purity of .33 to .5 
of one per cent. as being desirable, giving 
B08 __ 9494 eubie ft. to —— 
.QU33 .005 
=1616 cubic ft. per minute as the necessary 
supply. 

Our compressors throw 3 cubic ft. of air 
per revolution, and make 60 to 80 revolu- 
tions; hence it was necessary to run at least 
8 of them to keep the air wholesome. As we 
had previously run from 4 to 6 only, orders 
were given to ventilate the chambers by 
blowing off at frequent intervals, and no 
trouble was experienced afterward. The 
fact that more air was needed for health 
than was necessary to supply the waste by 
leaks, was one of the leading reasons for 
its use in removing the material excavated. 

Subsequent to this investigation, when 
10 to 12 compressors were in constant use, 


at once from 


' the air of the caisson was tested for carbonic 


acid, and about one-third of one per cent. 
found to be present, thus verifying the pre- 
vious results. 
HEALTH.* 
There has been so much adverse criticism 
by the public press on pneumatic founda- 
tions, on account of the fatality attending 





* RULES FOR THE WORKMEN IN THE CAISSON. 


1. Never enter the Caisson with an empty stomach. 

2. Use, as far as possible, a meat diet, and take warm coffee 
freely. 

3. Always put on extra clothing on coming out, and avoid 
exposure to cold. 

4. Exercise as little as may be during the first hour after 
coming out, and lie down if possible. 
5. Use intoxicating liquors sparingly; better none at all. 
It is dangerous to enter the Caisson after drinking intoxicating 
liquors, 

6. Take at least 8 hours’ sleep every night. 
7. See that the bowels are open every day. 

8. Never enter the Caisson if at all sick. 

9. Report at once to the office all cases of illness, even if 
they occur after returning home. 
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them, this paper would hardly be complete | 
without giving the result of our experience | 
in this regard. 

On the Brooklyn side the men worked 8 | 
hours, in two shifts of 4 hours each, down | 
to the full depth of 44.5 ft., without injury. | 
On the New York side the time was reduced 
to 7.5 hours, at 45 ft.; to 7 hours at 50 ft. ; 
to 6 hours at 60 ft.; to 5.5 hours at 70 ft. ; | 
to 5 hours at 71 ft.; to 4.5 hours at 76 ft. ; 
and to 4 hours at 77 ft. 

The first fatal case, which was considered 
fairly attributable to the compressed air, 
took place at the depth of 75 ft., from con- 
gestion of the lungs. The man was recently 
employed, of very full habit, and had work- 
ed but one shift of 2.5 hours. He felt well 
after coming up, but died about an hour 
afterward. When examined two days be- 
fore, his lungs were sound. What subse- 
quent exposure he may have had, we do not 
know. One man died previous to this of 
cerebro-spinal meningitis, and one after- 
wards of Bright’s disease of the kidneys; | 
neither caused (although possibly hastened) 
by the work. One other new man died of 
congestion of the spine, due, no doubt, to 
the work. He also was fleshy, and, it is 
thought, of intemperate habits. Another 
fatal case was reported, the man having 
died, it is said, at home; the case is yet to 
be examined. There were perhaps a dozen 
cases of paralysis of considerable severity, 
but all recovered in from three days to three 
weeks. At from 50 ft. depth to the end, 
severe pains in the legs and arms (called by 
the workmen the “Grecian Bend’’) were 
frequent, but did not last long. Most of 
the cases were found due to disregard of 
some of the rules of health, which were 
furnished every workingman in printed 
form. The four rules certain to cause troub- 
le, when violated, were the ones relating 
to rest, sleep, eating, and the state of the 
bowels. 

Atanearly stage of the work on the 
New York side, a physician was employed 
tospend from one to four hours per day at the | 
pier. His visits were always made in the 
afternoon, as cases of sickness on the early 
shifts were rare. At other times the engi- 
neer on duty, or some person under his 
direction, attended to the men. 

The remedies employed were simple; | 
prompt use of ergot and morphine would 
generally alleviate pains in the limbs; 
stimulants together with Jamaica ginger were | 
given for epigastric pains. Where vomiting 


a 
a 


set in, and was persistent, the physician was 
sent for, as paralysis frequently followed.* 

Coffee was always served to the men, 
immediately after coming out of the cais- 
son. Bunks were provided also, in which 
all who wished, could rest. It would have 


| been well perhaps, had the use of these 
| been compulsory, as it was by no means 


general. 

One important conclusion from the re- 
cords kept of cases, is this: that the 
greater number of those who have retained 
their health throughout are “:iry, somewhat 
spare men; while most of the sick, and all 
who died, were fleshy men, of full or large 
size. 

Dr. A. H. Smith, the physician in 
charge, intends to publish his observa- 
tions in full; and will be glad to receive 
any information regarding similar work, 
that he may get all available facts concern- 
ing the peculiar symptoms, sickness and 
treatment. 

SAND PUMPS. 


Ihave been requested to give a very 
brief statement of experiences in well-bor- 
ing,t the only thing new in connection with 
which, as practised on the work, was the 
method of sand-pumping. 

No difficulty was found in removing by 
means of the ordinary sand-pump, the sand 
and mud from the tube after driving, but 
the pebbles being of all sizes and ex- 
ceedingly hard, whenever a layer of them 
was reached, the progress was vexatiously 
slow. 

The drive pipe used was 6 in. in diame- 
ter. The sand-pump was 4.5 in. diameter 
and 5 ft. long, with a simple valve at the 
bottom ; and when clean pebbles only were 
in the pipe, would frequently come up with- 
out anything in it. To overcome the diffi- 
culty I made an ordinary conical plunger of 
leather fitting loosely in the pump and 
attached to an iron plunger bar, heavy 
enough to carry the apparatus and lifting 
rope promptly down. ‘The pump and plun- 
ger were lowered together, and then, letting 
the pump rest on the bottom, the plunger 
was worked with a sharp, short stroke, of 
course not far enough to lift it from the 
pump. At the very first trial of this clumsy 
apparatus, the pump came up more than 


* It was found that cold water poured on the spine, or the 
part affected, and followed by friction, was of great benefit in 
all the cases. 

t As a note to this paper, and not read before the Conven 
tion. 
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half full of pebbles; and the same success 
continued to follow its use. | 

This result could be reached more ele- | 
gantly by having two tubes, each with a | 
valve ; a foot valve at the lower end of the | 
lower one, and suction valve at the upper | 
end of the upper one. These tubes could | 
be arranged, the upper to slide over the | 
lower, or over an intermediate one to which 
the lower was attached, and all to lift to- 
gether when the upper is at the end of 
its upward stroke; a lifting rod heavy 
enough to sink the rope promptly should 
be attached to the upper tube. There can 
be no question that such a sand-pump would 
work well and save an immense amount of 
time if the valves were well arranged. It 
would give a positive lift, directly into the 
pump, in place of an accidental deposition 
as an effect consequent upon agitating the 
water by churning the pump up and down. 
This device was not tried, for the reason 
that it was not made until the borings were 
nearly completed. 

Mr. J. Dutton Steele: There is one sub- 
ject I would like to have a little light 
upon—it is this: the depth to which cais- 
sons can be sunk safely by using compres- 
sed air. During the consideration of the 
plan for the East River Bridge, it was esti- 
mated that the caisson should be put down 
as low as 105 ft.; and it was a subject of 
grave consideration with Mr. John A. 
Roebling and the gentlemen in consultation 
with him, whether that depth could be 
attained with safety to the workmen; and 
if of delicate physical organization, they 
would not be destroyed by the pressure 
induced. That caisson has gone down 80 
ft., and the result is as feared—the pressure 
was hazardous to persons delicately organiz- 
ed. It is stated that a caisson at St. 
Louis has been put down 110 ft, which 
indicates that 30 ft. deeper can be as safely 
sunk there, as that which has been reached 
in New York. 

Was this depth of 110 ft. occasioned by 
a temporary rising of the water, or was it 
a steady pressure? An accurate knowledge 
of the facts ascertained is important, since, 
as will be seen, upon it depends our knowl- 
edge of the depth to which we can safely 
go by compressed air. 

Mr. Katte: As my work is entirely upon 
the superstructure of the St. Louis bridge, 
and my observations of the foundations 
were only made at rare intervals when [ | 
was stationed in St. Louis, I can only state, | 
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that as far as my recollection goes, the great- 
est air pressure the men were subjected to 
in sinking the eastern abutment—which is 
the deepest—was something over 50 lbs. 
I am aware there was far less difficulty ex- 
perienced from the effect of the air upon 
the men in the lowest foundations than in 
some of the others. The experience gained 
in the mode of treating the men in the 
former foundations seems to have been en- 
tirely efficacious. I forget the exact figures 
as to depth, but I think it was about 110 ft., 
with a pressure of about 50 lbs. 

Mr. Collingwood: In the New York cais- 
son, East River Bridge, there has been a 
moderate amount of sickness, and one or 
two deaths. The St. Louis caisson was 
sunk 380 ft. deeper, with similar results, in- 
dicating that still greater depths may pos- 
sibly be reached. 

The law practically admitted in adjusting 
the hours of labor in the caissons, both at 
St. Louis and New York, seems to be as 
follows: taking it for granted that 12 hours 
is the extreme time a man can labor with- 
out detriment to health, in an ordinary at- 
mosphere; then, with a pressure of two 
atmospheres, or 15 lbs. additional pressure, 
he can labor about one-half that time; with 
three atmospheres, about one-third of that 
time; and with four atmospheres, about 
one-fourth of that time. In other words, 
the time is inversely as the pressures. 

The men will not be injured, provided a 
proper time is given them to rest. In say- 
ing this, it does not follow that men should 
work continuously the number of hours 
thus indicated; experience shows the con- 
trary; and the time of work has invariably 
been divided into two portions, with a rea- 
sonable interval between. 

It seems that there is a possibility of ac- 
commodating the men, in this way tothe pres- 
sure; the only difficulty is, the return to the 
normal pressure. It is clearly the duty of 
every member of the profession who has 
anything to do with such work, to make 
public, as far as possible, the remedies used 
under the circumstances. 

Mr. McAlpine: I think Mr. Collingwood 
has struck out an idea. ‘The compressed 
air acts as a stimulant; pretty much like 
those commonly used, and is ultimately ex- 
hausting. I fancy that is precisely the ex- 
planation of its effects. With one atmos- 
phere a man may work 12 hours; and with 
an increased pressure the number of hours 
must be diminished. I myself have been 




















stimulated under this pressure, almost as if 
Thad taken laughing-gas. With workmen 
whom I employed during a period of eight 
months under a pressure of from one to five 
atmospheres, there was nothing that caused 
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the slightest inconvenience, except when 
the pressure was put upon them. too sud- 
|denly. By gradually increasing the pres- 
| sure no unpleasant effects were present or 
| visible. 





MOUNTAIN 


RAILWAYS. 


From “ Engineering.” 


The time has long since passed when 
railways were considered luxuries adapted 
only for comparatively level tracts of coun- 
try, or for districts through which it would 
pay to form a line with very moderate gra- 
dients by the execution of expensive tun- 
nels, cuttings, or earthworks. Now engi- 
neers do not hesitate to lay out railways 
across mountainous districts in which pre- 
viously even roads were almost unknown, 
and so long as a reasonable amount of 
traffic is likely to be forthcoming, capital- 
ists are to be found who are willing to ad- 
vance the means for making such lines 
substantial realities. In central and north- 
ern Europe, in Spain, in India, and in 
America, both north and south, mountain 
ranges have already been scaled by the iron 
road, and every day the locomotive is mak- 
ing its way through the regions of cloud- 
land at elevations unthought of some thirty 
years ago. Thus, in Peru, the Cordilleras 
are crossed by a railway at an elevation of 
12,200 ft., while the summit level on the 
Lima and Oroya line, now in progress, will 
be still higher, namely, 15,000 ft. above 
sea level. 


Notwithstanding the experience already | 


gained in mountain railways, however, it 


cannot be said that the best system of | 


working such lines has been thoroughly de- 
termined upon. 
the great variations in the character of the 


traffic and in the nature of the country to 


be traversed prevent any single system 
from being applicable in all cases; but 
what we wish to point out is, that even in 
cases where the circumstances are practi- 


cally identical the best mode of laying out | 
and working a mountain line is far from | 


being universally agreed upon. 

Broadly speaking, mountain railways 
may be divided into two great classes, the 
first comprising those lines which cross a 
mountain range dividing two level districts 
from each other; and the second consisting 

; = i ae 

of those railways which connect a hill dis- 


We are quite aware that | 





| trict or elevated plateau with the plains be 
low. In the case of lines of the first class, 
the exchange of traffic is as a rule almost 
| entirely between the two low-level countries, 
the hill districts furnishing but an insig- 
nificant portion of the whole. Under these 
circumstances it is evident that practically 
the whole of the tonnage transported has to 
| be lifted to the summit level and lowered 
again, and if the traffic is important the 
expense of doing this becomes so great as 
|to warrant the expenditure of large sums 
|to reduce the summit level by resorting to 
tunnelling. Such, for instance, has been the 
| case at the Mont Cenis, while in the case of 
|the St. Gothard similar considerations have 
led to the adoption of a tunnel for that line 
lalso. We thus see that in the case of rail- 
| ways of the first-mentioned class the height 
| of the summit level in any given instance— 
}and consequently the amount of climbing 
| to he done—is determined by the nature of 
| the traffic, the heavier that traffic the lower 
being the level to which it will pay to re- 
duce the summit by resorting to tunnelling. 
In the case of railways of the second 
class, the circumstances are materially 
different. If the traffic has to be conducted 
between a low-lying country and a hill dis- 
trict situated, say, some 95,000 ft. above 
| it, all goods passing from the lower to the 
| 
| 





higher level must necessarily be lifted this 
5,000 ft., and all that can be done by resort- 
ing to tunnelling or heavy works is to ob- 
tain favorable gradients, and to avoid, as 
far as possible, any intermediate rises and 
| falls between the upper and lower termini. 
| As a rule, also, when high and low level 
districts are connected by a railway, the 
heavy traffic is down hill, and consists 
chiefly of mineral products. ‘There may 
be, of course, exceptions to this rule, but it 
is one which very generally applies. 

In may be noticed here that, although in 
working both classes of lines it is important 
‘to reduce the dead weight of the rolling 
'stock to the lowest possible amount, yet 
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that this reduction has especial importance 
in the case of lines of the second class. 
Thus, for instance, in the case of lines on 
which the trains ascend loaded, a reduction 
of 25 per cent. in the dead weight of the 
vehicles may effect a reduction of some 10 
or 12 per cent. only in the gross weight of 
the trains hauled by the engines, whereas 
in the case of a line of the second class, in 
which the trains ascend almost empty, a re- 
duction of 25 per cent. in the dead weight 
may reduce the gross weight of train haul- 
ed some 20 per cent., or even more, and 
may thus effect a proportionate reduction in 
the engine power required. 

Of the various modes proposed for work- 
ing mountain railways we do not hesitate 
to say that none yet tried have on the whole 
given such satisfactory results as the em- 
ployment of the locomotive. In saying this, 
however, we are quite ready to admit that 
exceptional circumstances sometimes occur 
under which it is advisable to abandon the 
ordinary locomotive in favor of other ar- 
rangements. Thus, in the case of the 
Mount Washington and Righi lines, where 
it was desirable to be able to surmount 
gradients as steep as 1 in 3 and 1 in 4, the 
adhesion of plain wheels on the rails would 
have been useless, and the plan of employ- 
ing a rack geared into by a spur wheel on 
the locomotive was adopted with advantage; 
while in the case of the San Paulo line, 
where a lift of 2,250 ft. had to be overcome 
in a distance of about 5 miles, we consider 
that the engineer, Mr. Brunlees, exercised 
a wise discretion in resorting to rope haul- 
age. We believe, in fact, that rope haulage 
might, with material advantage, be em- 


ployed on mountain lines to a far greater | 
| matter, a very little consideration will show. 


extent than has hitherto been the case. 
The plan of hauling trains up inclines by 
means of ropes worked by stationary en- 
gines has hitherto been regarded with no 
very favorable eyes by railway engineers, 
and it is true that the results obtained in 
many instances where the system has been 
tried have not been such as to gain it an 
unexceptionable character. We consider, 
however, that to a great extent this result 
is not so much due to the inherent defect of 
the system as to the unfavorable circum- 
stances under which it has been tested. A 


winding rope gives the best results when 
acting vertically, just as a locomotive works 
to greatest advantage on a level line, and 
according to the inclination of the line of 
haulage so will the balance of advantages 


{ 








be in favor of the rope or locomotive re- 
spectively. To get the full advantage of the 
rope the lift should be made as steep and as 
straight as possible, and should, as far as 
circumstances will allow, be concentrated at 
one point. Of course with very steep lifts 
special arrangements for carrying the or- 
dinary rolling stock will be needed; but 
even with the steepest lifts there would be 
no mechanical difficulty in insuring perfect 
security for the trains during either their 
ascent or descent. Ifrailway engineers would 
bear in mind the millions of tons of materi- 
als raised annually from our collieries, and, 
on the whole, the comparatively few acci- 
dents which occur to winding machinery, 
even under management which not unfre- 
quently errs on the side of recklessness, 
they would, we think, have more faith in 
rope-worked lifts for mountain railways. 
Setting aside the special circumstances to 
which we have adverted, however, there can 
be no doubt that the locomotive in some 
form or other offers practically the best 
means for working mountain lines at pres- 
ent devised. We believe that there are 
very few mountain ranges on which a line 
having gradients of a steepness not exceed- 
ing 1 in 20 cannot be laid down, and when- 
ever such a line is to be worked, we should 
prefer trusting to the adhesion of a smooth 
wheel on a smooth railrather than resort to 
any more complicated expedient. In coun- 
tries where fuel is dear, or water scaree, it 
is, however, particularly desirable to obtain 
the flattest gradients possible in order to 
reduce the amount of locomotive power re- 
quired to perform a given quantity of pay- 
ing work. How important an influence the 
steepness of the gradient exercises on this 


Let us, for instance, for the sake of simplic- 
ity, disregard all frictional resistances, and 
suppose the work to be done to consist only 
in overcoming the action of gravity, and let 
it be further assumed that with efficient 
sanding apparatus, an adhesion of one-fifth 
can at all times be secured. Also let the gross 
weight of engine and train to be taken up be 
in all cases 1U0 tons. Then, on an incline of 1 
in 50, the resistance to be overcome would 
be 2 tons, and the adhesion weight required 
10 tons, or 10 per cent. of the gross load ; 
on 1 in 40 the resistance would be 24 tons, 
and the adhesion weight necessary 12} 
tons; on 1 in 20 there would be 5 tons re- 
sistance, requiring an adhesion weight of 
25 tons; while on 1 in 10 the resistance 
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would be 19 tons, requiring an adhesion! up depends entirely upon the speed at 
weight of 50 tons, or half the gross load. It| which the engine travels. Thus, if by the 
will be seen from this that so long as the} evaporation of a given quantity of water 
adhesion weight available is simply that of| per unit of time an adhesion weight of 350 
the locomotive, the percentage of paying| tons can be utilized when travelling ata 
load which it is possible to take up, dimin-| speed of 10 miles per hour, then if the 
ishes very rapidly as the steepness of the| speed be reduced to 2 miles per hour, it will 
gradients is increased, and hence, in many | be possible, by the same expenditure of 
cases, commercial considerations would im-| steam, to use up an adhesion of 150 tons. 
pose a limit on the steepness of gradients | In order, therefore, that the auxiliary cyl- 
permissible considerably within that ren-| inders applied to the carriages of a moun- 
dered necessary by mechanical reasons. tain train may be supplied with steam from 

But there is really no reason why the} a boiler of moderate dimension, it is abso- 
adhesion weight available should be limited | lutely essential that a very slow speed should 
to that of the locomotive. Long ago M.| be resorted to, and on the majority of 
Eugene Flachit proposed the plan of fitting | mountain railways this slow speed would, 
each vehicle of a mountain train with a| we believe, be no serious disadvantage. 
cylinder supplied with steam from the en-| Again, the carrying wheels of the train 
gine boiler, the piston of this cylinder| making but few revolutions per minute, it is 
driving one pair of wheels direct, so as to} desirable, in order that the requisite power 
render a portion of the weight of each| may be developed without employing large 
carriage available for adhesion. M. Fla-| cylinders and heavy moving parts, that a 
chat’s plan has never been brought into| comparatively high piston speed should be 
regular practical operation, but it has cer-| employed in the auxiliary cylinders. This 
tain good features, and we believe that in a| means that, instead of driving the carrying 
moditied form it will yet be employed. ‘To! wheels direct, as proposed by M. Flachat, 
insure its success, however, it must be/ the auxiliary cylinders should communicate 
adopted in a form differing considerably | motion to these wheels by gearing. By 
from that proposed by its originator, and in| adopting this system the auxiliary cylinders 
particular two important conditions must be | could be made of very moderate dimensions. 
satisfied. he first of these conditions is; It may be noted here that the auxiliary en- 
that the train shall be hauled ata very| gines on the carrying vehicles, would not 
low speed, while the second is that a high! require to be fitted with reversing gear, as 
speed shall be secured for the pistons of| they would only be used on the gradients, 
what we may term the auxiliary cylinders. | and be run in one direction. On the level 

The amount of adhesion which any given | portion of the line the train would be under 
locomotive boiler power is capable of using | the command of the locomotive. 





| 
| 





IRON PIERS IN SCOTLAND. 
From “ The Mechanics’ Magazine.” 


On the Clyde, an iron pier has been | way leading to the pierhead has a floor of 
erected at Carradale, on the Campbeltown | 6-in. planking, and is formed by 3} iron 
passage, which, in respect of its novel con- | arches with spans of 40 ft. |The chief pier- 
struction, merits description. The piling | head is constructed in two separate floors, 
consists of old rails with a large cast-iron | one being 4 ft. lower than the other, and 
disc or shoe attached to their under part, | connected by a ramp at the back. 
sunk to the required depth solely by their; At Brodick also (Island of Arran), another 
own weight, the displacing of the sand | iron pier, similar in design to the above, is 
being effected by means of a water-jet. The being erected. This iron pier is in a for- 
pierhead, which is 25 ft. wide, consists of ward state, and is expected to be finished 
three rows of piles, braced and cross-braced | for the summer traffic. The chief recom- 
by horizontal struts and girders, to which mendation of these iron structures is their 
the fenders are fixed; and the piles alter- | great durability, without greater cost than 
nate so as to distribute any strain to which | similar erections in wood. 
the structure may be exposed. The gang- An iron pier is also in course of construc- 
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tion on the Greater Cumbrae, four miles 

east of Bute, and two west of Largs. The 

pier, which was commenced in July last 

and is now on the eve of completion, is 275 

ft. long and 18 ft. broad, widening out at 

the seaward end to a T-shaped head, 80 ft. 

by 25, for the convenience of vessels lying 

alongside. The structure rests on cast iron | 
piles screwed in some cases and driven in 
others(according to the stratification) from 
5 to 6 ft. into the ground. These are placed 
in pairs at a distance of 18 ft. apart, and 
are strongly braced together transversely. 
On the top of each pair of supports are 
placed cast-iron transverse girders, on 
which rest wrought-iron continuous lattice 
girders 4 ft. deep, that support the roadway, 
and also form the parapet to the pier. ‘The 
roadway is of timber laid on rolled iron 
joists, which are riveted to the under side of 
the main lattice girders. The piles at the 
head are of wrought-iron, 7 in. diameter, in 
four segments, firmly riveted together at 
flanges ; and in four cases these are carried 
up above the platform to form supports for 
cast-iron mooring bollards. The lattice 
parapet is not carried round the head, but 
the platform is here supported from under- 
neath on rolled joists. Fender piles and 
wallings of American elm are place! in front 
of each seaward pile at the head. 


PILLARS vs. LONG WALLS 


From the * Mi 


In dealing with the various modes of 
working the stratified deposits, we have 
looked at pillar working and the various 
modifications of that system, leading us to 
a principle of working by which, in the im- 
mediate neighborhood of the men at work 
on the face of the coal, the roof is allowed 
to break in, and it is necessary for the men 
to protect themselves by packing and tem- 
porary walling, composed of broken mate- 
rial from the roof or partings. Notwith- 
standing pillar working produces open 
spaces in which fire-damp may accumulate, 


In the construction of Toward Pier, in 
1863, various experimental piles were driven, 
for the purpose of testing the sort of timber 
that could best withstand the action of the 
teredo navalis, the limnoria terebrans, and 
other marine insects. These comprised 
Bethel’s patent creosoted timber piles; 
others clad with copper, zine, and Muntz’s 
patent sheathing ; Quebec red pine covered 
with wrought-iron pile nails about 1 in. sq. 
on head, } in. thick, and weighing about 
3 Ibs. per sq. ft. of timber; larch with 
the bark on; greenheart and elm fenders. 
The result was that the elm was eaten 
through in about four years, or at the rate 
of 1 in. per annum; the larch stood about 
seven years; the Quebee red pine, without 
protection, lasted for nearly the same period, 
while that creosoted remains still uninjured, 
together with the greenheart and the piles 
covered with the sheathing and nails. The 
Toward Pier, during its erection, was 
an object of some interest. The site 


| being openly exposed to the cross seas 
lof the firth, 


not a few doubted whether 
the structure could have stability, but it 
has proved to be durable. The length 
of its masonry approach is 85 ft.; of 
timber bridge 260 ft. by 16 ft. broad; 
length of pierhead 126 ft., and breadth 
25 ft. 


AS SUPPORTS IN MINES.* 
aing Jouraal.”’ 


enable the men to work forward with safety, 
and then leaving a pillar between that and 
the next stall, the principle seems so con- 
venient and natural that we do not wonder 
it should arise in various districts, indepen- 
dently of one another. The mode of long- 
wall working is distinctly contrary to pillar 
working in all the more important features. 
It aims from the commencement at the re- 
moval of the whole of the useful material, 
;or such a large proportion of it, that no 
‘attempt is made to sustain the roof with 
any pillars at all. The men are pro- 





that mode of working, or modifications of | tected close to the face of the working, and 
it, is employed not only in our northern | allow the roof to fall behind them, upon the 
coal fields, but in various other districts of | refuse they have thrown there. ‘This 
England, as well as on the Continent. | method is well seen in Staffordshire, where 
When we remember the simplicity of its | the flat measures are laid out in a wide and 
commencement—driving a board or stall to | artificial manner, but where the workings 
__ | are extended, so as to be called long wall— 

a method of the highest importance, and 





* From a lecture before the Royal School of Mines. 














one greatly used-in this country, chiefly in 
Derbyshire, Leicestershire, Shropshire, and 
parts of Lancashire. There are modifica- 


PILLARS VS. LONG WALLS. 


. . . . . . | 
tions in practice in other parts of England, 


and in Scotland. By this method they are 
enabled in Somersetshire to work seams of 
coal of wonderful thinness—no more than 
12 or 14 in. thick—with advantage. Again, 
long wall is worked in a number of foreign 
districts, modified occasionally by difficulties 
of roof and floor, and in Belgium, the North 
of France, Westphalia, and Saxony, by the 
high angle of inclination at which the seams 
are titled. In fact, the system is not limited 
to any district. It is a question, however, 
whether it is not a method capable of being 
applied in more instances, and 


where | 


hitherto it has not been known; and the | 
system is now occupying the attention of | 
|a prop ought immediately to be put under 
districts where till lately it was but little | 


mining engineers, and making its way into 


understood. This system of getting the 


| 


whole of the coal and leaving no pillars is | 


best applied where the beds are favorably 
placed, and where the conditions are suit- 
able. Take, for instance, beds of ironstone, 
in getting which a great portion is to be left 
behind as refuse, and which being placed 
properly in the gob, the roof is not let down 
to any great extent. In some instances, in 


beds of coal or ironstone of moderate thick- | behind the last row of props. 


ness, the long wall method may be applied, 


| 





| 
| 
| 





| 


| height, and fill up half the place. 
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enactment, and that no roof should be left 
unpropped for more than a certain distance ; 
but having visited a great number of mines, 
I am strongly of opinion that any such en- 
actment would be unwise, not to say futile 
and useless. The nature of roofs differs 
so materially in different districts, and 
sometimes in the same mines. Very often 
the men can work for a considerable dis- 
tance with perfect security, while in other 
places a great many props have to be put 
in. Sometimes a roof will exhibit a num- 
ber of circles, which are, in fact, the stems 
of fossil trees (Sigillaria) changed to hard 
shale or sandstone, or not unfrequently 
ironstone, and, being of conical form and 
smooth surface, are apt of to fall without a 
moment’s notice, and crush all beneath ; 
and whenever this formation is observed, 


it. Suppose, however, we have an average 
kind of roof, there would be no special diffi- 
culty, and the props may be placed 8 or 10 
ft. asunder, and on two rows alternately, 
The roof at the back of this 
will come down at shorter or longer intervals 
after the working of the coal, and the re- 
fuse and smalls will often be several feet in 
As a 
general rule, the roof breaks down not far 

The props 
themselves will for a long time be fit when 


even where there is little refuse with which | taken from behind to set up again in front, 


to pack the empty spaces. 


In kirving coal | but the lid-pieces are frequently smashed 
there is always an amount of refuse to put | by the pressure. 


Working on the face in 


in the gob, which assists to keep up the | front of the protecting props, the miners 


roof; but the presence of a great deal of | complete the holing of 


rubbish is a great advantage when the 
seams are of more than average thickness. 
I am speaking of seams not exceeding 10 
ft. in thickness ; anything beyond that has 
to be wrought by special means. The 
principle of long wall working is very easily 
explained. Around the foot of the shaft 
(referring to the plan of a Scotch colliery) 
a large body of unwrought coal is left, and 
a couple of levels are driven out on the 
breadth of the coal (the levels in other work- 
ings being on the rise), and taking the coal 
between them in a stope-like form. And so 


in another diagram the workings are on the | 


ascent or rise of the coal, and a drift is run 
out, which leads to a second pit, which is 
used for ventilation. The roof is kept up 
behind the men working on the face by 
means of props behind them. 

It‘has been suggested that the putting in 
of props should be enforced by legislative 


and loosen it. 


the coal, and then 
the pressure will often cause it to come 
down of itself, or it is broken down by 
wedges, or gunpowder, or hydraulic force, 
and it would be well if the latter were more 
frequently employed. The coal having 
been brought down, itis removed, and then 
the men take down the back row of props, 
and set them in front on the face of the coal. 
The removal of the props is a matter of 
some danger, and has to be performed with 
judgment and quickness. They are gener- 
ally pulled away by a chain or a rope 
fastened around each one near the foot, and 
sometimes, when the pressure aloft has been 
great, itis necessary to dig around the foot, 
2 There are, however, cases 


in which no amount of propping is enough 
|to keep the men in real security; hence a 
plan has come into use in the North of 
England of building up pillars of chocks or 
to 25 ft. 


”») 


nogs of timber, in pieces from 
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long by 2 or 3 in. sq. These pillars are 
found to be exceedingly strong, and capable 
of sustaining a heavy roof pressure better 
than props, which are frequently driven by 
the weight into the soft floor. This, in afew 
words, is the principle of advancing the face 
of coal, whether that face runs in a long con- 
tinuous line, or whether it is arranged in 
steps; and in Leicestershire the system is 
carried out with great success with working 
faces from 300 to 800 yards in length. 

I will say a word or two more on the 
subject of the boundary. If is, as I have 
before said, important whether the work is 
carried from the centre outwards, or whether 
a pair of levels is driven out to the bound, 
and the mass worked by “bringing the 
coal back,” as it is called. According to 
choice made of these two plans the arrange- 
ment of the roads will be governed. If, as 
the work proceeds, we go further from the 
centre, we shall have to keep up the com- 
munication by means of branches or par- 
rallel roads ; and the way of doing this is by 
packing the refuse material, and forming 
walls from 6 ft. to 12 ft. in thickness, and 
putting them in all shapes, so as to make 
the roof rest upon them. In this way the 
roads are kept open through the goaf or 
gob. ‘The pressure of the superincumbent 


weight makes the floors of these roads puff 


up, sometimes to a great extent, and the 
‘creep has continually to be cut away. After 
a short time the roof, as well as the floor, 
will encroach on it, involving the continual 
employment of men to re-lay the rails and 
to cut away the roof, so as to keep it suitable 
for the passage of horses and other traffic. 
Sometimes it is found necessary to adopt 
the raised floor, and then a good deal of 
over-cutting will be required to obtain suffi- 
cient head room. In many cases within a 
very short time, the pack walling may be 
pressed into a third of the height it origi- 
nally had, and it will be so squeezed down as 
to be a source of contant danger. The ex- 
pense, therefore, of keeping open these roads 
is considerable, and must always be kept in 
view when the question arises as to the 
plan of working to be decided on. In 
Staffordshire they have a system of leaving 
certain thickness of coal alongside the 
levels to keep them in good condition as 
travelling roads; and their lines of road 
will be carried to the face of the work only 
‘when necessary, and no more be put in 
than is sufficient to bring away the material; 
the necessity of seeing that the walls, or 
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ribs of coal, do not at any point give way 
being imperative. Where there is only a 
moderately good roof, the coal is brought 
along the face in hand-wagons, pushed by 
boys, until the road is reached, when it is 
then passed along to the shaft. When the 
roof is especially good, and they are ena- 
bled to lay down rails and put on tram- 
wagons, the work is greatly facilitated, and 
they are enabled to convey the coal along 
the face so economically that it is not neces- 
sary to have the roads so close, and they 
may be even as much as 30 and 40 yards 
apart. In cases of this kind, long wall 
working is by for the most advantageous. 
At Hetton, where the works were laid out 
at first on the post and stall plan, the pillars 
are got by the long wall system ; otherwise 
it would be a most expensive operation to 
move the coal from the face of the roads, 
which are by this plan only 12 or 14 yards 
apart. The arrangement of the workings 
then will be found to vary somewhat ac- 
cording to circumstances, the principle 
remaining the same; and much, therefore, 
will depend upon the experience and judg- 
ment of the manager, who ought to be con- 
versant with all variations which have been 
proved to be best for economy and security 
at the same time. 

What is called “ broad working ” is only 
another form, which can scarcely be called 
a modification of the long wall system, al- 
though an important one. The pits being 
sunk, levels are driven out to the boundary, 
and the coal being got adjacent to that line 
it is brought back to the shaft. In this 
plan there is a great advantage in leaving 
all the worked-out ground behind, and as 
the gas has a tendency to rise by its speci- 
fic lightness it passes into the goaf, and is 
got rid of in the innumerable vacant spaces 
which are left in the broken material. In 
other systems the goafs containing these 
dangerous reservoirs of explosive gases 
must be continually traversed, while by 
this plan they are all left behind. Again, 
the only roads to be kept up are the narrow 
exploring drifts to the boundary, which be- 
ing in the solid coal do not require any of 
the great expenditure required by the con- 
stantly changing character of the goaf in 
the maintenance of gob-roads. Wherever 
this plan can be carried out it will be found 
to have many advantages, particularly that 
of being very economical so far as the 
working and maintaining of the roads are 
concerned, and also that of greater security, 


” 
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inasmuch as the worked ground is left be- 
hind’in a condition in which it can do no 
harm. ‘There is, however, one palpable 
objection to it—that after sinking shafts 
and putting up engines, particularly if the 
district to be worked be large, shareholders 
will generally be unwilling to wait until 
drifts are carried to the farther end of the 
ground. Sinking the shaft alone may oc- 
cupy two, or three, or four years, and then 
driving out levels of such a length may 
take some years more. So that if the lease 
be for (say) 21 years no man in his senses 
would defer getting coal for so long a pro- 
portion of the time, as the period left would 
be too short for him to recoup himself. 
Men are obliged, therefore, in self-defence 
to begin getting coal for the market as soon 
as they can after starting from the bottom 
of the shaft. ‘To that reason may be at- 
tributed the objectionable plan of opening 
large spaces near the shafts, and consider- 
ations of this sort militate against the 
theoretical completeness and advantages of 
working back from the boundary. 

There are several modifications of these 
forms of working which are well worth no- 
tice; such, for instance, as when stone- 
work arching may be employed to protect 
the roadways. ‘This is notably the case in 
South Wales, where it answers admirably, 
the only drawback being the great expense 
of it. Many cases occur in that district 
where the best timbering cannot be main- 
tained for any length of time, and, there- 
fore, arching is found to be absolutely ne- 
cessary. Some modifications have been 
tried in the North of England during the 
last 20 years, but they have been very suc- 
cessful in all districts. The long wall plan 
has latterly been adopted at the Monk- 
wearmouth Colliery, upon the celebrated 
Hutton seam. ‘The shaft there is 280 
fathoms deep, and the temperature being 80 
deg., the difficulties of working are con- 
siderable ; but, nevertheless, this system 
has been applied with success. Parallel 
roads are driven 30 yards asunder, and these 
roadways are 2 yards wide, kept open and 
secured by pack walls. Thus, there is 
never more than 14 yards to carry the coal 
along the face to the wagons, the men be- 
ing protected chiefly by chocks, the pressure 
being exceedingly great. 
character of the roof is such that it breaks 
down immediately behind the back row of 
props, there is a much smaller proportion 
of small coal made by this system than by 


‘more easily managed. 


| system is largely adopted. 
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that of leaving large pillars. Besides 
which they are able to remove the whole 
mass of coal, and by its greater simplicity 
of plan the ventilation is more effective and 
Besides all these 
advantages of the long wall system, it is 
probable that it is far more secure, as re- 
gards the lives of the men, than other sys- 
tems. 

Then, again, modifications have been in- 
troduced to meet the circumstances which 
have made the South Yorkshire coal fields 
so dangerous. The workings at Lund Hill 
and other collieries in that neighborhood, 
which have been so productive of accidents, 
have been replaced by a system analogous 
to long wall working, which has been found 
of great advantage. In the Forest of Dean, 
on a seam of coal 11 ft. thick, which some 
years ago would hardly have been thought 
a suitable subject for working by long wall, 
two distinct systems are now in use, in both 
of which the necessity of driving narrow 
levels is got rid of. The roof at the face of 
the working is supported by props, and a 
slice being holed and taken down, the space 
kept for the roadway is packed on each side. 
The props being then taken away, the roof 
comes down, leaving the roadway to a pres- 
sure resulting in a heave of the floor, which 
has to be cut away, while the roof also has 
to receive similar treatment, so that half the 
roadway will be in the roof, the original 
coal being compressed sometimes from 5 or 
6 ft. to 1 ft. If we have a bed of chert in 
the middle of a seam of coal it is advisable 
to begin the holing in it. Thus, suppose we 
have a seam of coal 50 ft., above that a 
layer of chert 3} {t., and above that 3 ft. of 
coal, we must take out that beneath the 
chert first, and support the chert and top 
coal by chocks of wood, and then as the 
bottom coal is removed, taking down that 
above close up to the chocks. By this plan 
in the Forest of Dean they get a smaller 
proportion of slack than they would by any 
In Scotland the long wall 
It is generally 
deemed preferable there to trust to a pack- 
wall than to coal for the roads, although the 
floor often heaves. The face of work often 
advances very irregularly, a good deal, pro- 


other means. 





bably, because of the irregular direction of 


Although the | the cleat, or, perhaps, because the coal works 


better on the end than on the face. The 
| long wall system can be made so economi- 
| cal that in Somersetshire seams of coal as 
| little as 30 in. are worked—indeed, I have 
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seen a seam of 11 in. only, worked by this 
method. For the same reason many of the 
pillar workings in Yorkshire have been 
transmogrified into the long wall system by 
advancing the bord gates, and enl: irging the 
faces of work. The great le ngth of gob 
roads to be kept in repair has been the main 
objection to the change, but that has been 
got over by driving a few yards uphill, and 
working a portion to go to goaf, thus 
making the two systems work into each 
other. © 

The long wall system is carried out in 
Lancashire, Nottinghamshire, South Derby- 
shire, Shropshire, in certain parts of Staf- 
fordshire, and in the Forest of Dean. Its 
introduction into the North of England has 
only made any way within the last few years, 
but it is now adopted in some of the North- 
umbrian and Durham mines. It is largely 
used in Westphalia, Saxony and Belgium, 
varying much, no doubt, according to the 
different thickness of seams, their inclina- 
tions, and local circumstances. Indeed, the 
forms into which the workings may be 


thrown, and the modifications of which the 
system is capable, are innumerable, and it 
is therefore impossible to lay down exact 
rules. The roadways up to the face of the 
coal, however, should not be more than 30 
yards apart, as it is not desirable to have to 
drag more than 12 or 15 yards. The work- 
ing by long wall should go on with a regu- 
lar out-put; that is to say, that side by side 
with the quantity required for the market 
the work should advance regularly every 
day. Strikes of workmen, or a want of a 
sufficient sale, or water getting in, or any- 
thing which will interfere with this regular- 
ity, will be fatal to the satisfactory employ- 
ment of the long wall system. It may be 
said, however, in conclusion, that where the 
long wall system has been introduced it has 
soon been admitted to have a decided ad- 
vantage over pillar working, in the economy 
with w vhich the coal can be w orked, and in 
the cheapness with which it can be broken 
down, and in the proportion of large coal 
which is obtained, besides being much softer 
and better for the workmen. 


ISOCHRONOUS GOVERNOR. 


From * Engineering.” 


M. Yyon Villarceau, Member of the 
Paris Academy of Sciences, presented re- 
cently to the Academy the results of his 
long investigation on governors, and ex- 
hibited an apparatus constructed upon his 
calculations by M. L. Bréguet, which real- 


izes with wonderful exactness the results of 


the calculations. The isochronous governor 
is one which maintains a constant speed in 
a machine, in spite of the considerable 
variations that may occur in the work put 
upon it. The governor can maintain this 
constant speed either in acting upon the 
motor or upon the resistance. ‘hus, in the 


|a varying resistance, which has the ten- 
deney to reduce the differences between the 
real speed as compared with the speed re- 
quired. 

M. Yvon Villarceau has worked out two 
theories, applicable to governors of two 
kinds, that is to say, to oscillating masses 
of various forms, spheres, cylinders, and 
parallelopipedons, and to flyers of different 
kinds. In the governor of the second kind, 
it is sought to obtain the most uniform 
movement possible; the exactitude with 
which the apparatus can be made to work, 
under the condition where the moving power 





case of an engine driving machine tools, if | varies in the proportion of 1 to 6, or bey ond, 


a certain number of these are stopped, the 
governor acts upon the valve and diminishes 
the mechanical work done by the engine, 
bringing it down to the proper proportion 
with the tools still running. If, on the 


contrary, it is used to turn by the aid of a 
weight the bearings of a heavy astronomi- | 
cal instrument, and to obtain a uniform | 
speed, in spite of possible variations, the 
governor is so arranged that the flyers con- 
nected to the moving parts, oppose to the 
air a greater or smaller surface, giving thus 


| depends entirely on the care which the 
|maker has bestowed in working to the 
| theoretical data, and the amount by which 
| he has reduced the friction of the moving 
parts. 

In spite of the greatest precautions, it 
will happen that the density of the metal 
employed will not be exactly that upon 
| which the calculations are based, and the 
| dimensions given by the maker will not be 
| entirely in accordance with the drawings. 
‘From these causes arises a fault in the 
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isochronism, to correct which 





tus. This problem resolving itself into 
four equations, M. Yvon Villarceau has 
been led to combine four distinct variations, 
changing the mass of the body of the regu- 
lator, and the movement of three regulating 
bodies forming part of the main weight. 
Each of these plays a very important part 
in fulfilling the theoretical requirements. 
The flyers are trapezoidal in form, they are 
made of aluminium, in order better to ap- 
proach condition of isochronism, the rods 
are of steel, and the other parts of the 
principal mass are of aluminium bronze. 
The apparatus is regulated in the following 
manner: The governor being connected 
with clockwork, the speed, , is observed 
that is acquired under the action of the 
moving weight, and the angle, a, the rods 
make with the vertical. The driving weight 
is varied, and four groups of valves for w 
and @ are observed. Thus experimental 
data are obtained necessary for calculating 
the necessary movement to be given to the 
regulating weights, and the required varia- 
tions of the main body. 


cordance with the theoretical requirements, 


menced, it will be found that, whatever will 
be the driving weight between the extreme 
given limits, there will be very little difference 
in the speed which it is desired to obtain. 
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From ‘ The 


In spite of some serious shortcomings 
which have been recently apparent in the 
metropolitan main drainage, we may be 
justly proud of the system as it is carried 
out, as a whole. It is quite possible that it 
may leave undone some duty that it ought 
to fulfil, but balanced against the omission 
must be considered the many and various 
duties which it does discharge in a very 
satisfactory manner. Without regarding 
the question of the ultimate disposal of the 
sewage of a city containing the population 
of London, the mere conveying it away 
rapidly and innocuously from the habita- 
tions of the people is no mean task. What- 
ever plan may be adopted for the subse- 
quent utilization of sewage and refuse mat- 
ter, the first step is to effect in a prompt 








it is necessary | 
to employ means for regulating the appara- 


The regulation being completed in ac- 


if new observations of the speed are com- | 





DRAINAGE. 


Thus in the first trial made on the 20th 
May, 1870, the driving weight was subject- 
ed to variations between 1 and 6; and the 
| speeds obtained showed an average differ- 
| ence relative to the mean speed, which only 
amounted to +). of the latter. Some faults 
in construction were corrected, and on a sec- 
ond trial the differences were reduced to 
ross: Putting the driving weight to its 
maximum of 264 lbs., variations in the re- 
sistance were produced arbitrarily by means 
ofa brake. In this way 51 observations 
| were made in 30 min., which showed that 
| the average variation of the governor, as 
| compared with the chronometer, was only 
| 0.2 see. 
| M. Yvon Villarceau remarked, in conclu- 
| sion, that M. Bréguet, in his first trial with 
| the new apparatus, attained a great degree 
|of precision. He was happy to produce 
| before the Academy a new proof of the in- 
| justice of the accusation often made against 
|mathematical theories, confounding these 
| theories with false applications which have 
| been too often made. In this case the ap- 
plication has been made with such care 
that the maker has not made the least de- 
parture from the dimensions and the weight 
given on the drawings. At the request of 
M. Bréguet, M. Villarceau made in his 
| name the declaration that this was the first 
| time during his long career that he had 

ever known a pure theory carried perfectly 
| into practice on the first trial. 
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» Engineer.” 


|and economical manner its removal from 
the vicinity of its original deposition. Un- 
less this removal be accomplished at once, 
and moreover thoroughly be effected, it is 
impossible to insure the sanitary welfare of 
those who may thereby be concerned. It 
cannot be too carefully borne in mind that 
the idea of obtaining profit out of refuse 
must never be permitted to be practically 
realized at the expense of the health of the 
community at large. It is for this reason 
that the water carriage system of drainage 
and sewerage will never be superseded in 
the case of large towns by any of the earth- 
closet methods, which, it must be admitted, 
have done good service in particular dis- 
tricts and localities for which they are well 
The universal application of the 





| adapted. 











dry-earth principle is a hobby which it is 
but natural some people should cling to, 
who are incapable of distinguishing be- 
tween a rule and its exceptions. At the 
same time, any scheme which professes to 
deal with the drainage and sewerage of a 
town cannot be said to be a complete one, 
or thoroughly to effect that which it ought 
to accomplish, so long as its operations are 
confined solely to what may be called the 
cleansing of the streets and closets. There 
is a wide difference between the trans- 
port of sewage and its profitable utilization, 
and the latter has not followed so fast in 
the rear of the former as might be expect- | 
ed. In fact, unless land can be obtained at | 
something approaching a reasonable sum 
per acre, the profitable utilization of the 
sewage of a large town is an impossibility. 
Nothing less than a fabulous return could 
possibly repay the ratepayers in many in- 
stances the extortionate prices demanded of 
them for land required for the purposes of 
sewage utilization. Viewed in the light of 
a complete drainage and sewage scheme, 
our main drainage obviously falis short of 
what itought to be. Itentirely ignores the 
question of the utilization of the sewage 
und refuse matter which it conveys away so 
rapidly and efficiently from the metropolis. 
The transport being accomplished, there its 
operations cease, unless, indeed, we take 
notice of the subsequent discharge of the 
material into the ‘thames, which occurs 
north and south of the river at the pumping 
stations. 

In connection with the efticiency of our 
metropolitan main drainage there are two | 
points to be considered. In the first place, 
is it really adequate to perform the duty | 
properly belonging to it? In the second, 
is it complete? We do not use this term 
in the same sense as previously, but regard 
it as applying simply to the question of 
drainage. It is well known that our Lon- 
don sewers and drains are intended to 
carry off, not merely their ordinary con- 
tents, but whatever storm water may accu- 
mulate in them. Many intercepting sewers 
were laid at various depths along both 
banks of the river for this purpose, known 
as the high and middle level sewers, and 
have now been in operation for some years. 
Some idea of the length of these arterial 
drains may be gathered from the fact that 
the main sewer which intercepts the sew- 
age from Chelsea Bridge to Abbey Mills 
pumping station is over eight miles long. | 
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It would appear, however, that there are 
still some parts of the metropolis which are 
under water during heavy floods. This 
condition of things can only arise from 
either the absence of all connection between 
the flooded districts and the intercepting 


| sewers, or the inadequacy of the latter to 
| provide for the emergency. If the former, 


it is not difficult to establish the desired 


| communication—if the latter, the affair be- 


comes more serious. It is a mere nothing 
when a sewer, situated at some depth be- 
low the surface of the ground, is being “ got 


in,” to alter its dimensions either one way 


or the other; but when it is once built and 
covered up, and a greater capacity is found 


‘to be required, the question becomes re- 


duced simply to one of the building of a 
new drain altogether. This measure has 
been actually adopted in one part of Lon- 
don, and the cost of the new sewer from 
first to last will not fall short of £100,000. 
It might be asked, was the main drainage 
system intended to meet this case ?—but in 
either case it is at fault. If it were not ori- 
ginally intended to take this drainage area, 
the design was theoretically imperfect. If 
it were designed to do so, there must have 
been some practical imperfectious in it 


| which prevented it doing so. ‘This is a very 


different case from that in which all that is 
necessary is to make the connection be- 
tween the main and the branch drains. 
At the present time there are numerous con- 


inections of sewers with the completed 


length of the low level line to be estab- 
lished, which must be a work of time, for 
two reasons. One is, that opportunities 
must be seized as they present themselves, 
as they cannot be obtained otherwise than 
at an unwarrantable expense. The other, 
that when occasions do present themselves, 
as the sewers have to be carried through 
some of the most crowded streets and thor- 
oughfares of the city, the progress must be 
slow, and the whole labor tedious, trouble- 
some and costly. Nevertheless arrange- 
ments ought to be made which would facili- 
tate the laying of sewers and drains, and 
the construction of subways is an impor- 
tant step in that direction, provided power 
be obtained by the authorities to compel 
parties to use them. ‘They should not be 
allowed the option of breaking up the 
streets instead, of which a notable instance 
occurred some years ago in Southwark street. 

The question of the utilization of the 
sewage of London has not been entirely ig- 





_—-._ ia i ii i 

















WATER METER 





nored, though one would be almost justi- 
fied in imagining so, from the fact that no 
tangible results have followed any consider- 
ation that may have been given to the mat- 
ter. 

Any company which undertakes the 
utilization of sewage stands on very different 
ground from local authorities engaged in a 
similar undertaking. In the latter case the 
ratepayers are satisfied if they effect thereby 
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only a saving in their rates, but in the for- 
mer the utilization must not merely be a 
profitable, but a paying concern. The 
English of this is, that after paying all ex- 
penses of manufacture, transport, and 
other items incidental to its sale, an artifi- 





| cial manure when manufactured by a com- 
| pany must command a price sufficiently 
high to return a good dividend on the cap- 
| ital invested. The question is, does it ? 


THE WATER METER AND ITS USES. 


By ¢ 
Written for Van N 


The subject of maintaining our water sup- 
ply has for a long time been a matter of very 
general and serious interest to the city of 
New York, and has aroused considerable 
discussion as to the most judicious method 
to secure such a satisfactory result. Its 
importance for all general requirememts, as 
well as for any extraordinary contingencies 
which may occur, such as an epidemic or a 
wide-spread conflagration, cannot be over- 
estimated. To attain this purpose the 
adoption of water meters has been promi- 
nently urged by those who have given the 
matter the most thorough investigation. A 
popular prejudice, however, against their 
use, founded upon very erroneous grounds, 
has been incited by misrepresentations, 
coupled with an imaginary expectation of 
an advance upon the present tax for the 
use of the water. Experience and facts 
are so diametrically the opposite to such a 
supposition, that we have made a concise 
statement of indisputable data, by which it 
can be seen that the use of meters affords 
the only method whereby the community 
can be honestly and fairly served. That, 
instead of enhancing the individual cost, it 
will reduce it, unless grossly wasted, and, 
by equalizing it according to the amount 
used, materially increase the revenue, and 
entirely prevent the direful wastage which 
now exists. 

Meters for measuring water will be 
found an indispensable necessity wherever 
aqueduct water is used. The experience of 
the city of Boston may be aptly cited as 
furnishing a criterion for the guidance of 
other places, the subject there being no 
longer one of experiment or doubt. ‘That 
city has in use a larger number of meters 
than any other in the Union. Aqueduct 
Vor. VIL—No. 4—27. 


> H. C. 
ostrand’s Magazine. 


water was first introduced there in 1849 ; six 
years after, in 1855, the consumption avy- 
eraged 10,346,300 gallons per day, and so 
rapidly increased that six years later (1861), 
it had reached a daily drain on the pipes of 
18,189,304 gallons, an average of 1Q2 gal- 
lons for each inhabitant, per day. “he 
Commissioners becoming alarmed, and con- 
vinced that the greatest portion of the water 
drawn was wasted, decided to attach meters 
in all places where tauch water was used, 
or where they suspe¢ted waste of it was per- 
mitted. Previous to which, that they 
might correctly ascertain the quantity of 
water necessary for the daily consumption 
of each person, they caused meters to be 
placed in their own dwellings, and found 
that 25 gallons a day was more than an 
ample supply for each person. The result 
fully justified their decision. As the meters 
were introduced the drain gradually and 
steadily decreased till in 1866 it had fallen 
to 12,229,000 gallons per day, or to 58 gal- 
lons per inhabitant then, a falling off of 33 
per cent. in the consumption, and gained 48 
per cent. in the pressure. Had it increased 
only in proportion to the increase in the 
population (and the increase in the con- 
sumption of water is always considerably 
more) it would have been 21,577,062 gal- 
lons per day, or 76 per cent.more. In 1870, 
with a large increase of consumers, it had 
only reached a daily draft of 15,007,700 
gallons, or less than 60 gallons per head. 
As to the question of revenue. In 1861, 
with a daily consumption of 18,189,304 gal- 
lons of water, the.revenue was $365,323.96. 
In 1866, the consumption having fallen to 
12,229,000 gallons, the revenue should (in 
like ratio) have fallen to $245,613.94; but, 
on the contrary, by the use of water me- 
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ters it inereased to $486,538.25; and in 
1870, had reached $708,783.68. 

The following comparison may justly be 
drawn: Repeating the figures, Boston, 


without meters, in 1861, consumed daily | 


18,189,504 gallons or 102,28, per head ; in- 
come $365,323.96. With meters, in: 1870, 
consumed daily 15,007,700 gallons, or 
59,88; per head ; income $708,783.68. De- 
crease in the consumption 3,181,604 gallons 
per day, equal to 17} percent. Increase in 
the receipts, $343,459.72 per annum, equal 
to 94 per cent., besides 21 per cent. gain in 
the head, and all this in the face of 41 per 
cent.* increase of population. This extra- 
ordinary result was attained by the intro- 
duction of only 1,108 water meters at the 


comparatively insignificant expense of 


$114,366.48. 

The Water Commissioners of that city in 
their report of 1870, say: “ The application 
of meters has been of great advantage to 


the city, both as regards the inerease of 


income and checking waste, which is always 
liable in establishments where there are a 
large number of water fixtures.” 

The foregoing facts can be verified by 
reference to their reports of 1870 and 1871. 

The Croton Aqueduct Board, of which the 
Hon. Myndert Van Schaick was President, 
were so impressed with the necessity of 
measuring the water, that in one of their 
reports to the Common Council, nearly twenty 
years ago, they stated that they would recom- 
mend the general adoption of meters as 
soon as an efficient one was invented, 
although it might perhaps cost the city a 
million of dollars, for their introduction. 

In a later report they say : 

“No satisfactory estimate of the con- 
sumption of water at some of the manufac- 
tories and hotels can be made without the 
introduction of water meters.” 

“Meters have been placed on 68t large 
buildings, and have operated beneficially 
in determining the quantity of water con- 
sumed; the Board propose to extend the 
system in special cases of hotels, factories, 
etc., as circumstances may require.” 

And again in another report : 

“As stated in the last annual report, 
water meters have increased in favor, and 
the consumer who could not be convinced 
of the quantity of water used in his estab- 
lishment, has now a certain and impartial 


* Partly by extension of limits. 
t In operation now about 200 meters, being fewer than 
four years ago on a consumption of 62,000,000 gallons, 


| 


|; umpire, and though the result in almost 
| every case is against the consumer, yet the 
| decision of this small, but very costly 
| apparatus is generally acquiesced in.” 
In reference to preventing waste, Mr. 
| Craven, then Chief Engineer of the Croton 
| Works, in a paper addressed to the “ New 
| York Evening Post,” March 17, 1868, de- 
| clared that he had exhausted every means 
and argument in his power to prevent, or 
|even mitigate, this inordinate waste, but 
| without avail; and that he had finally 
| been forced to the conclusion, that the only 
possible way in which it could be accomplish- 
|ed, was by attaching meters wherever 
|aqueduct water was used, and that the 
| benefit to the city would then be immediate 
and of vast importance. 
|_ Mr. Tracy, now Chief Engineer of the 
Department, reports the daily consumption 
'of water to be 88,000,000 gallons, which 
shows that with an increase of population 
in the last ten years, of only 17 per cent., 
the drain on the water works has increased 
193 per cent.!!! besides considerable loss 
of head. It was 30,000,000 gallons in 1860. 

Although at the greatest outlay of money 
ever used for a like purpose, New York has 
now the largest supply of Aqueduct water 
of any city in the world. The consumption 
being now, as stated, daily 88,000,000 gal- 
lons, or 98°,;4; per head. Income in 1870, 
$1,178,341.34. Should the Croton Depart- 
ment receive remuneration for water in the 
same proportion as does the Boston Water 
Works, the annual revenue would be 
$4,156,104.12, but, for a lack of meters, 
New York loses annually now about $3,000,- 
000, and yet the water rates of New York 
are professedly about the same as in Boston. 
Vide M. Hoffman’s Laws of City and 
County of New York, vol. i., folios 274 to 
288. 

Compare now the distinctive policies of 
the two cities and their results: 

Boston in the last decade, while it has 
increased in population 41 per cent., has 
decreased the consumption of water 17} per 
cent., and in consequence gained in the 
head or pressure 21 per cent. So much 
better than ten years ago. 

New York in the same period, with an 
increased population of only 17 per cent., has 
increased the consumption of water 193 
per cent.!!! and Jos¢ in the head or pres- 
sure considerably. So much worse than ten 
years ago. 

The reason is: Boston decided to control 























the waste and by the aid of Meters sue- 
ceeded at a small cost. New York under- 
took to supply the waste without them, and 
after expending several miilions has sigq- 
nally failed. 

Profesor Rankine of Glasgow University, 
in an exhaustive work on the subject, esti- 
mates a liberal supply of water for cities 
thus: domestic purposes 15 gallons, com- 
merce and manutfactories 7, washing 
streets, extinguishing fires, supplying foun- 
tains, ete., 3; waste under careful regula- 
tions 2}. Total, 274 gallons per head a day. 

In London the water is all measured (by 
meters and otherwise). By the census of 
1871, the number of inhabitants was 
3,383,002, and the water supply in that 
year 77,670,834 gallons per day, equal to 
22.9%; gallons per head daily, and yet 
there is no complaint made of a scarcity of 
water for any healthful or necessary pur- 
pose—domestic, industrial, or public. 

The London figures prove that New York 
with proper restraint of abuses has suffi- 
cient supply of water for about four mil- 
lions of people, and yet with less than one 
million of inhabitants, by permitting an 
illegitimate, unnecessary and unpaid for 


WATER METER 


use of the greater quantity of it, by a small | 


portion of the people, is drawing so close 


upon the resources that there is a constant | 


fear of a disastrous water famine ; and justly 
so, for notwithstanding the enormous supply 
the numerous poor have to go unwashed, 
the pestilential sewers and streets remain 
unflooded, the public fountains continue dry, 
and for a large conflagration the city is 
totally unprepared. 

Every person who has considered this 
subject, and many expert engineers and 
others possessing large property subject to 
the risk of fires, have given it most pro- 
found study; all have come to the same 
conclusion, that the adoption of meters is 
the only possible remedy. In fact, when 
once adopted the wonder will be why they 


were not used much earlier, the only ones | 


to complain being even now habitual wast- 
ers or those not conversant with the sub- 
ject. 

It would be found at once that, while 
the majority of water takers do not use in 
their dwellings sufficient water to bring 
their tax up to the present rate, say about 
$15 per annum, thousands of others de- 
signedly letting itrun constantly day and 
night in their water closets, use more than 
$1,000!!! worth of water, but pay only 
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about $15 like the rest, and no one except 
their immediate neighbors are the wiser for it, 
for no means are used to ascertain the fact. 
When once they found the cost they would 
soon moderate their extravagant hygienic 
notions. It is the opinion of many that the 
bulk of waste is in private dwellings, and 
not in the public and industrial establish- 
ments. 

The wantonness of this waste can be fully 
appreciated when it is shown that to bring 
this amount of water to their premises, it 
costs the city about $500 per annum (1 cent 
per 100 gallons; the interest alone on the 
cost of the works, $22,500,000, being about 
1 of this cent), this excess of cost ($485) 
having to be paid in the general tax by 
those using only the $15, and even by those 
deprived of it altogether, in consequence of 
this waste. 

The other great source of wastage is by 
subterraneous leakage through breaks in 
the conduit and pipes, and which secretly 
and imperceptibly finds its way into the 
sewers through underground fissures and 
crevices. ‘These also are detected and its 
location and importance promptly ascer- 
tained by the gene ‘al use of meters. 

y very great injustice is also done the 
poore st classe s who live principally On the 
upper floor 
for by the loss of head or pressure in con- 
sequence of this waste, the water does not 
rise to their habitations, and they a 
general thing, too tired of work to be car- 
rying up water in buckets, in sufficient 


“s of store s and tenement house 8, 


are, as 


quantities for purposes of ablution and 
general cleanliness, and yet they really 
need it much more than the rich. 

Out of the increased receipts (chiefly 
from delinquents), the meters pay for them- 
selves invariably the first year, generally in 
six months, and often in three months. 
The second year they are sure to bring the 
consumption of water to one half, or even 
less, in proportion to the meters used, rais- 
ing the head correspondingly, and all this 
without disturbing the great majority of 
consumers either in the quantity of water 
used or the amount they usually pay. In 
fact a good many would pay actually less, 
besides having water in the upper stories. 

In the annual report of the Board of 
Public Works of Chicago, of 1870 (which, 
after Boston and San Francisco, is using 
more Water Meters), they say: “ Zhe 
Board have found the use of meters in es- 
tablishments using large quantities of 
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water, both satisfactory to consumers and 
profitable to the city.” And in their report 
of 1871, they say: “ The prejudice which 
Sormerly existed against the use of meters 
is gradually giving place to a feeling of 
confidence in this method of determining 
the water assessment, and were it not for 
the heavy expense, the Board would like 
to introduce them more generally than they | 
have done heretofore. | 

Ewen continuing the present system of | 
charges (according to the size of premises), 
meters would be invaluable; they would | 
constitute a silent but positive corps of de- | 
tectives showing any wanton waste, thus | 
enabling the authorities to enforce the fines | 
imposed by law, which at present is impos- | 
sible as asserted by Mr. Craven. They | 
would at once control the waste and raise 
the head, while the fines alone would in 
time pay the whole cost of their introduc- | 
tion. All the principal cities in the United 
States and some in Europe employ meters 
to some extent, England and Scotland | 
largely ; and the Governments of France | 
and Belgium, in 1866, offered premiums for | 
a reliable and cheap water meter. 

So satisfied was the Croton Aqueduct | 
Department of the absolute necessity for the | 
introduction of water meters, as the only 
sure preventive of the excessive wastage of | 
the water, that in 1867 and again in 1370, 
they called by advertisement on engineers 
and inventors for a meter that they might 
recommend for general use, and a large 
number of them were tried on both occa- 
sions. The result of the first trial did not 
terminate in any final decision, but to the 
later trial a wider range was given. More 
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of Water Commissioners throughout the 
country that meters are a necessity, and 
that their general adoption is only a ques- 
tion of time; in fact they are being now 
rapidly introduced. A good water meter, 
however, is a very difficult instrument to 
produce, as is proved by the fact that dur- 
ing the last fifteen years over 500 patents 
have been taken out in this country, and 
over 300 in England, and none as yet had 
been able to supersede the one invented by 


| Mr. Worthington eighteen years ago, and 


the only one used until lately in the United 
States. 

The majority of these meters, no doubt, 
work and even make a good show at a trial, 
and a considerable number give great 
satisfaction to their friends, but when put 
to a severer and protracted test they usu- 
ally fail or show signs of eventual failure 
from different causes, and not one in a 
hundred has proved a perfect practical 
success. A good reliable meter is a ma- 
chine requiring such a rare combination of 
peculiarities that it is very difficult to attain. 
What makes a water meter more difficult 
and much more costly than a gas meter is 
the heavy irrepressible nature of water and 
its foreign matter, the high pressure, velo- 


| city and ramming under which it has to 


work, and the extreme delicacy and sensi- 
tiveness required of such a heavy machine. 
Also the necessity of « perfect positive mo- 
tion with nothing like a dead centre, a weak 
place or a disposition to stop and refuse to 
start, and finally its capacity to do the work 
totally uncared for and neglected. If on 
these points it be not absolutely infallible, 
it is useless to talk of other advantages. 


extended public notice was then made, | In conclusion all these important qualities 
and in the meantime a powerful and thor- | must be attained at a moderate cost, and 


ough apparatus was constructed to test 
them. ‘The trial extended over three | 


this again has aggravated the difficulty. 
No better evidence of these difficulties 


months, day and night, and of the large | than the fact that after so many years of 


number offered, 48 of all kinds (positive, 


incessant study and lahor and the large 


proportionate, and inferential) were tested, | amounts of money expended in experiments, 
and of them 4 of the positive class (3 Amer- | ete., by able engineers, inventors and others, 


ican and 1 Scotch) were selected as the 
best, finally resulting in subjecting these to a 
severer trial, which enabled the department 
to make a final selection of one of them. 
These trials and continuous experiments 
evince the decision made by these officials, 
that there was both a necessity for a more 
economical use of the water as well as that 
the introduction of the meters was the only 
feasible means of obtaining it. 

It is the avowed opinion of the majority 


in the production of over 800 patents only 
three or four meters have ever been accepted 
and practically used, either here orin Europe. 
To be more explicit, a first class water 
meter should possess, among others, the fol- 
lowing essential points of excellence : 
1st.—It should be of positive motion, 
simple in construction, strong in form, and 
free of all springs, both metallic or rubber, 
or any bob weight to act as their equivalent. 
2d.—Should accurately measure equally 























well under light or heavy pressure, either a 
small or large stream. — 

3d.—Should require the J/east possible 
amount of power to drive it, thus avoiding 
reducing or losing the head or force of the 
water. 

4th.—Should not be liable to injury or 
obstruction from sediment or dirt. ; 

M ; 4 

d5th.—Should throw a continuous, smooth, 
and even stream. 

6th.—Should shed the greatest possible 
quantity of water in a given time, in pro- | 
portion to its size and weight. 

7th.—Should not cramp the water within | 
itself, but allow it a free, easy flow, thus | 
avoiding as much as possible any strain or | 
throbbing in the meter or pipes. 

8¢ti.—Should be of incorrosive material, | 
avoiding if possible two distinct metals 
in order to escape galvanic action. 


SAFETY FROM LIGHTNING. 
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*h.—Should have a register of positive 
motion, without ratchets or springs, so plain 


'that consumers could read for themselves, 


and full enough to run a whole year at full 
speed, without going round, thus saving 
people from more than an annual visit from 
the inspectors. 

In conclusion, this matter is one which 


| appeals to the interest of every citizen. It 
| is unnecessary to detail the privations aris- 


ing from a water famine, or the dangers 
which even a reduced and low standard of 
pressure may cause, because these are 
self-evident. The remedy is the point at 
issue, and we think when the subject is 
fully and fairly investigated it will be ap- 


parent to all that the use of meters guaran- 


tees the only entire security for a proper 
and efficient supply from our Croton re- 
sources. 


SAFETY FROM LIGHTNING. 


From 


The considerable number of accidents to 
houses, steeples, and other edifices from 
lightning stroke proves that, remote though 
the contingency of this form of damage 
may seem, yet the probability of it is sutti- 
ciently great to suggest means of preven- 
tion. The case presents no more difficulties 
than does that of the protection of water 
pipes against freezing and frost rupture ; 
yet what architect or builder of a private 
house gives thought to either? As for 
the pipe-bursting part of the business, omis- 
sion to guard against it can be explained. 
The consequences of this accident are more 


provoking than dangerous. Plumbers, 
plasterers, bricklayers, and occasionally 


other individuals of the building craft, find 
in this class of accident a small winter har- 
vest. Called upon to repair the damage, 
they establish little accounts, which are 
presumably paid. It is good for trade, as 
goes the phrase ; hence, the whole building 
craft rebel against pipe-bursting preven- 
tions as shoemakers would rebel against 
indestructible shoes, and cemetery manage- 
ments have rebelled against indestructible 
coffins. As to lightning, however, it is a 
different matter quite. This is an agent 


not to be trifled with. When it strikes it 
does so seriously, putting forth a power 
more fierce and uncontrollable than all na- 
ture can match. 


Does it, then, not appear 


** The Engineer.”’ 


extraordinary that some means of averting 
the destructiive force of lightning, if known 
and posssible, should not be commonly 
adopted ? That such means do exist— 
means not only practicable but simple, and, 
more to the point, inexpensive—nobody can 
doubt who bears in mind what the late Sir 
William Snow Harris achieved in guarding 
ships of war against destructive lightning 
stroke by means of his system of conduc- 
tors. Who ever hears of a British ship of 
war injured from lightning stroke now; 
yet how frequently did this happen before 
the Plymouth electrician took the case in 
hand, applying to practice his theoretical 
deductions ? Like most great discoveries, 
the Harris lightning conductor is extremely 
simple. Before his investigations were 
carried into practice, a sort of opinion 
prevailed that the metal of a lightning con- 
ductor ought to be iron; but to Harris more 
than to any one else the merit is due of 
showing the superiority of copper for this 
purpose, inasmuch as it is a much better 
conductor of electricity than is iron. Before 
Harris, naval constructors had come to 
question the value of ship lightning con- 
ductors in any case. With good reason 
they might doubt, having regard to what 
these instruments were. They consisted, 
not of permanent fittings, as now, ever 
ready against a thunder-storm, and always 


| 
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efficient, but of chains carried to the mast- 
head at times when a thunder-storm might 
seem imminent. Under the prevalence of 
this system an alarming number of accidents 
occurred, as might have been anticipated. 
For theso iron chains Harris substituted 
continuous lengths of copper inserted into 


the ship’s masts, the arrangements being | 


such that, whether the upper masts were 


elevated or depressed, there should be per- | 


manent metallic contact. To Harris is due 
the application of the very obvious logical 
canon, that, if an electrical conductor be al- 
ways trustworthy, and in no case dange- 
rous, it should be implicitly trusted. The 
lurking idea that metal, by attracting elec- 
tricity, might do more harm than good, sadly 
interfered with the practice of lightning 
conductors, more especially marine light- 
ning conductors. Harris dissipated this 
fear, propounding and proving that metal 
no more attracts electricity than watercour- 
ses can be said to attract water; and to 
carry the parallelism a step further, it was 
shown that, similarly as a too small water 
channel provokes a damaging overflow of 
water, so the electrical capacity of a light- 
ning conductor, to be universallly efficient, 
must be commensurate with the strongest 
lightning discharge ever yet experienced, 
and hence, from analogy, that may be ex- 
pected. Electricity was up to a late period 
of its history looked upon too much in the 
light of an occult, inscrutable force for 
the interest of lightning conductors ; but 
since the point has been established, that a 
copper rod of less than half an inch sec- 
tional area is electrically capacious enough, 
and to spare, for carrying harmlessly away 


the strongest lightning discharge ever | 


known, architects and builders cannot plead 
ignorance of necessary data. 

Now, to establish a copper rod of compe- 
tent sectional area from roof to basement of 
a house is a more simple affair than that of 
establishing metallic connection throughout 
the entire length of a ship’s masts, for a 
reason that will be obvious. Masts slide 
up and down, whereas the height of land 
edifices is permanent. The expense, more- 
over, is so trifling that objection on the | 


scorce of economy would be futile. If every 


| to more benefit than may at a first glance 


be apparent. Not only would each separate 
| building be insured against the ill effects of 
| lightning stroke by the operation of its own 
| particular rod, but each conductor would 
afford comparative immunity to human and 
animal life exposed to the storm and un- 
covered in the neighborhood. Neither 
would the most general adoption of light- 
ning rods, if properly erected, mar the 
| beauty of any style of architectural structure 
| of whatever size or pretensions. In by-gone 
| times, when disfigurements from this cause 
| have resulted, they are referable to miscon- 
| ception of electrical principles on which the 
efficiency of lightning conductors depends. 
There was no sound electrical reason, for 
example, why a long spike should have 
been pushed through the bronze head of his 
Royal Highness the Duke of York—the 
statue, we mean, which surmounts the 
Duke of York column. A disfigurement so 
hideous and so unnecessary belongs to the 
teaching of a past electrical epoch. The 
statue itself being metal, safety would have 
been in equal measure insured through the 
establishment of connection between it and 
the earth by the intervention of a copper bar 
of sufficient sectional area. A lightning 
conductor need not, for efficiency, be carried 
down the frontage of a building any more 
than over the sides of a ship. It may be 
led down inside a house, if mere conve- 
nient, and in a ship, even through the 
powder magazine, for any harm its presence 
there could accomplish—the truth being 
that electricity is only dangerous when in- 
terrupted. 

If, seeing the ease and inexpensiveness 
of guarding against lightning damage, one 
| wonders that conducting rods are not ap- 
| plied to private buildings more generally, 
| the marvel is still greater that public edi- 
| fices—especially churches with their steeples 
| —are often equally neglected. Only the 

other day, a metropolitan church steeple 
| gave us a practical example of this. The 
| owners of factory chimney stacks are, in 
| making this provision, usually more thought- 
| ful than public societies. 

|  Desirous as we are of seeing the adoption 
of lightning conductors made more general, 


| 
| 
| 











edifice in a town were thus provided, it is|/a mere perfunctory application of the 
not too much to affirm that the most violent scheme would increase instead of diminish 
thunder-storm conceivable would be robbed | danger. Substitution of an iron for a cop- 
of its destructive power for that particular | per rod is common but injudicious. Copper, 


area. ‘The protective result of this general | being the best available conductor of elec- 
application of lightning rods would conduce | tricity known, should always be employed; 























and in regard to sectional area—with the | 
extent of which, electrically, conductive | 
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power is proportional—that should not be 
less than half an inch. 


PIER AND HARBOR WORKS IN THE ISLE OF MAN. 


From “ Engineering.” 


Before a constantly increasing intercourse 
with the outer world had enlarged the town 
of Douglas and increased the imports and 
exports of the Isle of Man, the old Red 
Pier, as it was called, subserved as a land- 
ing place all the requirements of that part 
of theisland. In time, however, the want 
of greater harbor facilities and the absolute 
necessity for increased safety and accommo- | 
dation for vessels, impressed itself very forci- | 
bly upon the inhabitants, and led to active 
steps being taken for the construction of a 
pier and landing place which should be ad- 
equate to the requirements of the large class 
of vessels, and more particularly the steam- 
boats frequenting the island. A fine land- 
ing pier has been constructed and another 
is now in progress, which, when completed, 
will form a breakwater and landing place, 
and with the first one will constitute a har- 
bor affording ample facilities for landing 
and embarking, at the same time providing 
safe anchorage for vessels visiting that part 
of the coast. The pier which has recently 
been completed is named the Queen’s Pier. 
The second known as the Battery 
Pier. 

Taking the completed work first, we may | 
observe that the practical object sought by its | 
erection was to secure, at low-water spring 
tides, such a depth of water as would ena- 
ble steam packets and other vessels going | 
into Douglas to land their passengers with- | 
out having to resort to the objectionable aid | 
of small boats. Sir John Coode was applied | 
to for designs for the work, which were ap- 
proved, and the pier sanctioned in February, 
1867, the works being commenced in the 
April following. 

The work may be regarded as consisting 
of two portions; the inner length or ap- 
proach, and the pier proper. The approach 
commences at the east end of a roadway 
known as Bath-place, and extends 750 ft. 
along the crest of a rocky ledge known as 
the Pollock Rocks, passing over a rock call- 
ed the Craig Kirk, which formerly stood at 
the low-water edge, but is now incorporated | 
in the work. At this point the pier proper | 
commences and runs in a south-easterly di- 





is 


rection for a distance of 400 ft., making the 
total length of the structure 1,150 ft. The 
depth of water along the pier is from 6 to 
18 ft. at low water of ordinary spring tides, 
the range of those tides being 21 ft. The 
total height of the pier from foundation to 
coping at the south-eastern or seaward ex- 
tremity is 52 ft. On each side of the pier 
is a footway 10 ft. in width, and between 
these is a carriage way 30 ft. wide, thus 
giving a total width of 50 ft. at the top. On 
either side of the pier are three flights of 
landing steps 7 ft. wide, the two flights near- 
est the shore end reaching to low water of 
spring tides for the accommodation of small 
boats as well as for steamers. A neat iron 
railing extends throughout the whole length 
of the pier on either side, and there are 18 
gas lamps placed at intervals along the foot- 
ways. At the outer end of the pier there 
is a substantial cast-iron pillar of orna- 
mental design, surmounted by a lantern 
carrying a green light, which is exhibited 
from sunset to sunrise. The light is inten- 
sified by a Fresnel dioptric annular lens; it 
is placed at a height of 47 ft. above the 
mean level of the sea, and the beam extends 
over 23 points of the compass, or an are of 
260 deg. 

The chief feature which distinguishes this 
structure from all others of its class is the 
material of which it is built, which is ash- 
lar work entirely in concrete. It is the first 
example of the kind in this or any other 
country, as far as we are aware. The main 
or outer walls, the cross walls, steps and 
copings consist entirely of compound blocks, 
weighing from 5 to 10 tons each, and formed 
in moulds either as concrete or rubble ma- 
sonry, but in all cases set in the work as 
square ashlars aggregated by means of 
Portland cement of the highest quality pro- 
curable. The surface and footways of the 
pier are also of Portland cement concrete. 
The pockets formed by the main and cross 
walls are filled in with dry rubble hearting. 
The cost of the work has been £46,400, and 
the quantity of concrete masonry in it 
amounts to 44,000 tons, or 675,000 cubic 
ft. The structure, we need hardly say, is 
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of the most substantial character, and is 
highly creditable. 

The second portion of the work—the 
Battery Pier—extends from the land at 
Douglas Head nearly at a right angle with 
the Queen’s Pier. It derived its name from 
the proximity of its position at the shore 
end to the old battery on Douglas Head. 
This work runs seaward in an E.N.E. di- 
rection, and when completed will be 550 ft. 
long, and will cost about £54,000. The ob- 
ject of this pier is to form an arm or wing 
wall corresponding in a measure to that 
formed by the Queen’s Pier, the two en- 
closing an extensive sheltered water area. 
A pier had already been built for a portion 
of the distance to be traversed by the new 
structure, but which was washed away about 
seven years since. The Battery Pier is be- 
ing constructed in a precisely similar man- 
ner to the Queen’s Pier. The face blocks 
in the walls measure 8 ft. 8 in. & 4 ft. 4 in. 
X 3 ft. 4 in., and weigh 8 tons each. They 
are laid in alternate courses of header and 
stretcher. The pockets formed by the main 
and cross walls are filled in with dry rubble 
hearting. In those portions of the work 
where the rock was used as a foundation to 
build upon, the blocks of concrete were built 
in situ, below the level of spring tides. 
Some of these blocks weigh 220 tons each, 
and reach to the level of low water, the 








work being carried up above that point with 
the smaller blocks referred to. The walls 
are to be protected by American elm fen- 
ders andan elmkerbing. At the pier head 
there will be a cast-iron lighthouse of octag- 
onal form and Gothic design, the light being 
30 ft. above high-water spring tides. ‘The 
work was sanctioned in July, 1869, since 
which time an approach road, 1,100 ft. long, 
a depét and a work-yard have been made. 
The foundation stone of the Battery Pier 
was laid when the Queen’s Pier was opened, 
and it is expected to be completed in the 
early part of 1873. The pier is being con- 
structed from Sir John Coode’s designs, and 
the works are carried out by him without 
the intervention of a contractor. Although 
the length of the portion authorized is 590 
ft., this is not the whole extent of the work. 
To complete the harbor an extension of this 
pier is required, and will doubtless be car- 
ried out. It will be a continuation of the 
present pier, about 450 ft. in length, and 
running in a north-easterly direction, thus 
forming an angle of about 150 deg. with 
the landward portion of the pier. It will 
be 50 ft. wide at the quay level, including 
the parapet wall, which is to be 10 ft. thick. 
The top of the parapet will be 41 ft. above 
low water. The pier is heing so constructed 
as to allow steam vessels to run alongside at 
low water of the lowest spring tides. 





ROCK-BORING MACHINES. 


From the “ Mining Journal.” 


Mr. M. A. Pericolet, engineer of mines 
in Anzon, publishes some interesting facts 
relative to the operation of the Sachs Rock- 
Drill, at Moresnet, from which we take the 
following : 

The work to be done consisted in the 
completion of a gallery, 15 sq. ft. in section 


and 416 ft. long. The materials penetrated | 


were schistous grauwacke and a bed of 


quartz ore, all rocks of great hardness. , 


Through this an advance of 223 ft. was 


made insixmonths. The drills are worked 


by compressed air. The compressor is in- 
stalled on the surface, and driven by a wat- 
er-wheel of 6-horse power, by which the 
air is compressed in a reservoir. The main 


connecting the reservoir with the drill is 872 | 


ft. long, and the air is led from this main to 


the drill by an india-rubber pipe 1 15-16 | 


in. diameter. The frame carrying the drills 


consists of a cage of wrought and cast iron 
supported on two longitudinal timber bear- 
ers, forming a frame, and rolling upon four 
wheels. The perforator acts by concussion. 


‘It is composed essentially of a gun-metal 


cylinder, in which is a piston and a forward 
piston rod of large diameter, leaving be- 
tween it and the cylinder only an annular 
space of 15-16 or Z of an inch. At the 
back of the piston is a rod of small diam- 
eter. The larger piston-rod carries the cut- 
ting tool. The rear rod gives movement to 
a system of levers established at the back 


‘of the apparatus, and controlling the distri- 


bution of the air, producing the reciprocat- 
ing motion of the cutter, and its rotation, 
as well as advancing the apparatus bodily 
‘in proportion to the depth of the hole cut. 
In operating these perforators the frame is 


brought almost up to the face to be drilled, 














and wedged solidly in position. A foreman 
miner marks the points where the holes 
have to be drilled, and four workmen, 
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| Miners’ wages......ce.sseeseee woe 

| Mechanics and fitters..............++ 0 210 

| Powder and fuse.......... «see. vo 
Maintenance of the compression. . 00 3=41111 


charged with the apparatus, consisting of Or about 19s, 6d. per cuble ft. 


two perforators, place itin sucha manner; The cost per cube metre for hand labor 
that the two cutters act on the points in- | was about £2 19s. The cost of first estab- 
tended. This done, the piston is drawn | lishment was £1,816 for 12 perforators at 
back to the end of its stroke, and the cutter | Vieille Montagne. In the various German 
is keyed upon the forward rod; the appa- | mining districts the Sachs drill is coming 
ratus is then advanced upon its frame until | into very general favor. Some months ago 
the diamond of the cutter touches the face | it was successfully introduced at the great 
of the rock. Connection is then made with | mine Stahlberg, of the Cologne Husen 
the air main, and, the admission valve being Company, and within a very short time it 
opened, the piston is put in motion, and, | has gained the favor of the miners, since 
until a depth of jin. is attained, the rate they see that their work is much alleviated, 
of striking is very slow, and the direction and that they are constantly supplied with 
of the cutter is carefully watched. The fresh breathing air by it. The machine has 
hole once commenced, and its direction be- | been introduced here both for sinking and 
ing assured, the admission valve is put in driving, and in a hard quartzose grauwacke 
full gear, and a speed of 200 or 300 blows | it will bore a hole of 22 to 24 in. in depth 
a minute is obtained, a stream of water be- in 7 to 8 min. of effective boring time, and 
ing directed against the hole. When nec- | require about as much time again for set- 
essary, a longer cutting tool is substituted, ting it up to begin a new one. The com- 
as the required depth is gradually obtained. pressed air is of 28 to 50 lbs. per square 
Without shifting the apparatus, as many | inch, and its loss of pressure is almost im- 
holes as are desired may be perforated. perceptible, though it is conducted through 
The drilling being completed, the four work- | a 14 in. pipe over 400 fathoms from the air- 
men in charge disconnect the rubber pipe, pumps to the machines. The same boring 
strike the wedges holding the apparatus, | machine continues to give excellent results 
and remove the whole to a distance sufficient at the lead mines of the Meckernich Com- 
to save it from the debris of explosion. The pany, near Commern, in Rhinelandgawhere 
following results have been obtained at | a great cross-cut, for the use of underground 
Moresnet. To perforate 200 ft. by hand, | locomotives, and the new Virginia shaft, are 
134 months were required, giving an aver- | being excavated by its help. It is also to 
age speed of about 15 ft.a month. The’ enter the great competition of rock-boring 
mean advance of the machine was 37 ft. 3 | machines for the new Gothard tunnel, which 
in., or about 2} times that achieved by hand | will shortly take place at Goschemen, in 
labor. These results are very satisfactory. | Switzerland, under the direction of Mr. 
M. Pericolet calculates as follows the net! Herwig, the chief engineer of the Gothard 
cost per cube metre of rock broken down: | tunnel. 
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The torn and ragged keyless arches and 
baseless walls of our ruined abbeys, the 
partially demolished houses on the track of 
some new railway or road, and many other 
equally trite instances might be cited as 
standing evidence of the truth that good 
masonry or brickwork will resist with 
energy not only crushing, but breaking 
across, and tearing, twisting, or shearing 
asunder. No wonder, then, if the first ele- 
ment alone be included in the calculation, 
that many a brick structure whose fall has 


| been prophesied refuses to acquiesce in the 
false laws of the prophet. ‘The prophet’s 
dictum might probably be justified by the 
result if full work were imposed upon the 
structure before sufficient time had been al- 
lowed for the full development of all the 
powers of the brickwork, but the experienc- 
ed practical builder never loses sight of this 
condition, but by the use of cement in some 
places, and of props and supports in others, 
gives the brickwork the necessary tem- 








porary aid, and so insures success. 
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Hundreds of cases might be cited where 


| 


the iron joist deflected to an undue extent, 


the structure must necessarily have failed | when some 10 ft. in height of the wall upon 
had not brickwork been capable of exerting | it had been run up, upon which the builder 


considerable resistance to transverse strain. 
As a case in point, illustrative of the fact 
that a walk through the streets will afford 
all requisite data, reference may be made 
to a dwelling-house near Hammersmith 
Bridge, carried upon a series of very flat 
elliptical arches springing from piers about 
12 ft. in height, and averaging only 18 in. 
sq. Any young engineering friend of the 
builder would no doubt have patronizingly 
predicted to him the fall of his work, for 
does not the line of thrust cut many yards 
outside the base of the angle piers where 
the two 14 in. arches meet at right angles ; 
and is not the including of the line of thrust 
within the “ middle third” of the thickness 
one of the necessary elements of stability ? 
Many cases of this class are to be met with 
in small country towns, where the town hall 
is carried upon arches and piers of the pre- 
ceding description in order to afford space 
for a market underneath. ‘These buildings 
do not tumble down, and as country build- 
ers reproduce the type continually, it is by 
no lucky chance that they escape. The 
country builder is wiser than his critics ; 
he does not aim at making an arch except 
in a 
he takes special care to put his work to- 
gether in such a manner as to insure his 
getting a serviceable and perfectly reliable 
brick beam. There is another class of 
cases illustrative of the extent to which 
ordinary builders successfully avail them- 
selves of the transverse strength of good 
brickwork, which may be suitably referred 
to here. As an example there may be taken 
the not infrequent case of a corner shop 
where the solid flank wall of the house is 
carried upon a rolled joist to admit of the 
shop front underneath being advanced be- 
yond the general line of the building. It is 
easy enough to show that in many instances 
the weight of the wall and other load over 
the joist is in excess of its breaking weight, 
but yet no signs of weakness or distress are 
evidenced by the iron work, nor is there even 
any appreciable deflection of the joist, so 
why make it stronger, the builder may rea- 
sonably ask. Although the brick wall it- 
self constitutes a brick beam to a great ex- 
tent, if not entirely self-supporting, certain 
precautions are necessary to be taken dur- 
ing the progress of the work. Thus, ina 


recent case which came under our notice, 





propped up the joist until, and for some 
time after, the completion of the wall to its 
full height of 35 ft, and subsequently re- 
moved the struts without inducing any ap- 
preciable increase in the sag of the joist. In 
short, a certain amount of time must be al- 
lowed, proportional to the stress to be sus- 
tained by the brickwork, in order to admit 
of the latter developing the necessary pow- 
ers to resist transverse strain, or, in other 
words, to act as a beam. 

The term “ brick beam,” though it may 
sound unfamiliar to many ears, is of no 
modern invention. A generation of engi- 
neers have almost passed away since the 


| celebrated “Nine Elms” brick beam was 


| 
! 


| tested and discussed by the engineers of the 


year 1837. ‘This beam was in cross section 
in the form of an inverted J, 4 ft. 9. in. 


| deep by 2 ft. wide for the lower six courses 


of bricks, and by 1 ft. 7 in. wide for the re- 
mainder of the depth. At a span of 21 ft. 
4in. the breaking weight at the centre 
proved to be 22 tons 12 ewt., or including 


—_ 


‘one-half of the weight of the beam, the 


rance, for he has no abutments, but | 





bending stress taking effect at the centre 
was no less than 27 tons. It is necessary to 
note that several courses of hoop iron bond 
were worked into the lower courses of this 
beam, since Brunel attributed its high re- 
sistance to this cause, although the experi- 
menters, Messrs. Francis and Hemans, 
judging from the nature of the fracture, 
were of opinion that the hoop iron had con- 
tributed little or nothing to the strength of 
the beam. Subsequent experiments have 
shown that the truth was to be found be- 
tween these extremes, and that the hoop 
iron contributed just so much, and no more, 
additional strength as theory would indicate. 
In the case of the Nine Elms beam this 
would be a comparatively small amount, 
since the hoop iron was of nv great section, 
and the relative elasticities of the materials 
are such that in no case could a large unit 
strain be imposed upon the iron in a com- 
pound beam of brickwork and iron until 
after the fracture of the brickwork had oc- 
curred. 

Little progress appears to have been 
made in the investigation of the strength of 
brick beams for a period of 14 years subse- 
quent to the date of the preceding experi- 
ment, in fact, until Messrs. Bazley’s beam 
was tested at the Exhibition of 1851. The 
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beam in this instance was of much the same 
size as that tested at Nine Elms, the depth 
being 4 ft. 6 in., and the width at bottom 
and top 2 ft. 3 in. and 1 ft. 6 in. respective- 
ly; the bricks, however, were constructed 
hollow, with a thickness of ,%ths of an inch 


of clay. The breaking weight at the centre | 


of the span of 21 ft. 4 in., including one- 
half the weight of the beam, was about 32 
tons. This shows an increase of 5 tons as 
compared with its original model, the Nine 
Elms beam, or about the amount which 
might have been anticipated from the im- 
provement in the quality of cement effected 
in the interval between the two experi- 
ments. In this instance, as in the previ- 
ous one, hoop iron bond was introduced ; 
hence, before these experiments can be 
used as data for ascertaining the transverse 
strength of brickwork, it will be necessary 
to collate them with others where no such 
bond was employed. 

In order to reduce the several experi- 
ments to one standard for comparison, it 


will be convenient in all instances, to ascer- | 


tain the value of the unit tensile strain in 
2 . M , 
pounds per square inch, f'== >; M being 


the moment of the stress, which for a 
weight at the centre of the beam will be 


Ws ‘ 
—s and a the moment of resistance of 


the cross section, which for a rectangular 
db 


form of cross section will be = Hence, 


if the weight, W, be taken in pounds and 
the dimensions of the beam in feet, the val- 
ue of the maximum unit tensile strain upon 
the brick beam will be: 
Ws 
~~ 96d? b 
Applying this formula in the case of the 
two preceding experiments, the tensile re- 
sistance per square inch of the brickwork 


and hoop iron will be as follows : 
Nine Elms beam.............% S = 2901bs. per sq. in. 
Exhibition beam..... See J = 300 +6 of 


It will be necessary now to compare these 
values of f with those derived from experi- 
ments on brick beams, in which no hoop- 
iron bond was introduced, and also with the 
direct tensile resistance of cement and brick- 


work, as deduced from independent sets of | 


experiments. By these means adequate 
data will be obtained to enable the probable 
strength of any brick beam to be predicted 
with a sufficient degree of accuracy to meet 
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| the engineer’s or builder’s requirements. 
|The ordinary mode of experimenting upon 
the transverse strength of cement, or mor- 
|tar and brickwork, is to carry out from a 
brick wall a cantilever of single bricks 
| cemented together, and either to continue 
| adding bricks to the end until fracture is 
effected by the weight of the cantilever it- 
self, or to carry it out for a fixed distance, 
‘and then break the cantilever by the appli- 
cation of a load at the end. ‘The depth of 
the beam in these instances may be taken 
as 8Lin., the breadth 4} in., and if 2 be 
the number of bricks cemented together, 
the length of the cantilever may be taken 
as 3 n. Hence, if w be the weight in pounds 
suspended at the end of the cantilever, and 
74 lbs. be the weight of a single brick, the 
resulting unit strain from the weight at the 
end, and from the weight of the cantilever 
itself, will be: 


15 n®? +4n 


72 


_— 


Applying this formula, in the first instance, 
to a type example of General Pasley’s ex- 
| periments, which were carried out long 
previous to the construction of the Nine 
| Elms beam, the case may be taken where 
the number of bricks cemented to the wall 
amounted to 31 in all, one brick having 
been added on each successive day until 
fracture occurred. Hence in this instance 
the value of / will be: 

pm 1X3 


1 
is => 200 lbs. per sq. in. 
g, now, for comparison with the 
Nine Elms beam, some experiments of about 
the same date, carried out by Messrs. Asp- 
den and Robins, the value of f, for the type 
examples cited below, would be as follows: 


Selecting 


| Bricks. Ib. Ib. 

1, 38 cemented together broke with 14 at end f =.. 330 
| 2. B89 ae oy oe iad 4 ae ¥ a> 210 
aa “ » « oe © Ju, oe 
4. 25 “ ‘a “ec “ 56 “ “ _, 210 
5.26 OS us o 68 7 8 PF x.. 27 


| In the same series of experiments, 16 
bricks, cemented together, broke with a 
weight of 15 ewt. applied at the centre of 
2 ft. 6 in. bearings; hence in this instance 
J = 234 lbs. In all the preceding cases 
Portland cement, with varying proportions 
of sand, was employed, but where Roman 
cement of an inferior quality was substitut- 
ed, the value of 7'sank as low as 30 lbs. 
Selecting in the same way, for compari- 
son with the “ Exhibition” beam, some ex- 
periments of the same year, by Messrs. 
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White, the value of / for one type case, 
where 16 bricks were cemented together, 
and tested with a weight of 370 Ibs. applied 
at end, was 380 lbs.; and for another type 
case, where 20 bricks cemented together 
broke with a weight of 1,300 lbs. applied at 
the centre of 8 ft. 6} in. ‘be aring, the value 
of f was 255 Ibs. 

Many other experiments might be ad- 
duced, but as they would merely afford 
confirmatory evidence to the preceding, they 
may be dispensed with. It may be men- 
tioned, in justification of this conclusion, 
that the value of 7, as deduced by Weis- 
bach, upon an entirely different basis to 
the preceding, varies from 180 lbs. to 340 
lbs. per sq. in. 

It will be necessary now to consider 
briefly the ultimate tensile resistance ex- 
hibited by brickwork under a direct pull, 
and not, as in the preceding experiments, 
through the indirect agency of a transverse 
stress. From the nature of the material 
under consideration, it may be anticipated 
that, practically, the direct tensile resist- 
ance, 7',, will be equal to jf, although it is 
well known that in some other materials, 
such as wrought and cast iron, the value of 
Jy) 1s sometimes less than if. 

The tensile strength of a mass of brick- 
work will obviously be limited by the in- 
tensity of adhesion of the cement to the 
bricks in some instances, and by the intrin- 
sic strength of the cement and bricks re- 
spectively in others. In new or green work 
the strength of the cement will govern that 
of the whole mass, but after the lapse of a 
certain period, varying with the nature of 
the cement, the bricks, if badly selected, 
will often prove the source of weakness. 
However inferior the bricks may be, the 
mass of brickwork must, nevertheness, if 
the cement be good, possess considerable 
tensile strength. In any cross section the 
area of the cement joints will amount ap- 
proximately to 4th of the entire sectional 
area; hence, if the bricks possessed abso- 
lutely no intrinsic strength, the average 
resistance per unit of area of the entire 
mass could not be less than }th of that of 
the cement employed. 

General Pasley states the average adhe- 
sion of two bricks cemented together with 
Portland cement to be 5,000 lbs., or, say, 
J,= 140 lbs. per sq. in. Vicat takes the 


adhesion as equal to the tensile strength of 
the cementing material, and gives the fol- 
l owing values to 7, one year after mixture: 





lbs, per 

8q.- in. 
Good hydraulic lime........... ff, = 100 
Ordinary * air eee ft, = 140 to 100 
POO MOD pxcadcsienes ocenees se Sf, = 40 
Good hydraulic mortar......... St, = 140 
Ordinary ‘ O.  uenpek dak fi, = 85 
Good common mortar......... fi, = 51 
Bad“ TS NS eee as ji = 2 


Roudelet cites 33 lbs. per sq. in. as the ad- 
hesion of common mortar to brickwork six 
months after mixture, and this conclusion 
is verified by the results of some experi- 
ments carried out by Mr. Robertson in the 
year 1858, when the adhesion of well- 
ground mortar, six months after mixture, 


was found to be as follows : 
lb. 


Well-ground mortar and blue bricks .... .f; = 40 
1 - grey stocks.... f; = 36 
' sie - soft place ..... jf; = 18 


The inferior results obtained with the 
soft bricks were due to the water being 
taken up by the bricks, and consequently 
not being available for the formation of 
silicates. 

In the same series of experiments the 
adhesion of cement to grey stock bricks at 
the end of one week and of one month re- 
spectively, after mixture, proved to be as 
follows : 


Ib. 

Quick setting cement, 1st week. Saewasieg fy = 23 
Oe ons eteses Sf, = 30 

Slow “ ee | are er 1 = 15 
= ee Saasconen ff, = 59 


The very exhaustive series of experi- 
ments carried out by Mr. Grant on Port- 
land cement of the best quality afford valu- 
able information as to the progressive in- 
crease in the strength of cement during the 
first year of its age. The average results 
of his experiments upon cement weighing 
112 lbs. to the bushel, are fairly represented 
below for the proportions of cement and 
cond netened to: 


Three | One 














One | One 
Material. | week. | month. | months. Year 
| » | ib, | Ib. | Ib 
1 cement to 2 _ fm 55 | «113 | 205 
1 a 1 * | f,==43 137 | 163 | 310 
| 
Net cement... | f,=200/ 300 | 390 | 480 








With cement of the unusually great 
weight of 123 lbs. per bushel, the corre- 
sponding increase in strength at the early 
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stages was very noteworthy, as will be seen 
by the following tabulated results : 


? = 1 | = | — 
| One | One | Three | One 








Material. | Week. | month. | months. Year 
a | ht 
| lb. | Ib. lb. Ib. 
1 cement to 1sand| f,=157| 200 243 | 317 
Net cement ...... | f,==365; 415 470-545 | 
} | 


| 





With Roman and Medina cement the | 
results obtained by Mr. Grant were very 
unsatisfactory, as will be seen from the fol- 
lowing summary of about 500 experi- 
ments: 





1 week. Imonth. 3months.- 1 year. 
Net cement /,; = 42 to 106 Ib. 93 to 1631b. 71 to 2081b. 93 to 300Ib,. 





With an admixture of sand the results | 
were so irregular as to render a record of | 
them useless. 

The preceding Tables epitomize the re- | 
sults of several thousands of experiments | 
on the tensile strength of cement and mor- 
tar; it will, therefore, be unnecessary to 
adduce further evidence. At first sight the 
irregularity of the results attained, as re- 
gards the direct tensile strength of brick- 
work, may appear inconsistent when com- 
pared with the comparatively uniform | 
value of the same resistance as deduced in | 
the previously cited experiments upon 
transverse strength. If it be remembered, 
however, that in the case of the brick | 
beams submitted to test, high class cement 
alone was used, the apparent discrepancies | 
vanish, and it will be evident that, practi- | 
rally as well as theoretically, the values of 
J and 7, may be taken as identical. If 
due consideration be given to the latter se- 
ries of experiments, it will also be evident 
that the great strength of the Nine Elms 
and Exhibition brick beams was not, as 
suggested by Brunel, due almost wholly to 
the hoop-iron bond, but that, on the con- | 
trary, the introduction of the iron had, as | 
asserted by the experimenters themselves, | 
little to say to the question of resistance. | 

The variance in the results attained in 
both series of experiments might also be | 
cited by some engineers as a sufficient jus- | 
tification of their habitual exclusion of the 
element of tensile resistance in any calcula- 
tions referring to brickwork ; although as a 
matter of fact, and as already shown, all | 
engineers rely, though it may be uncon- 
sciously, upon this property of brickwork in 
the practical execution of their works. But! 


this position is not tenable, since it may 
readily be shown that quite as wide a 
variance in the results is exhibited by brick- 
work under compression. Thus many 
hand-made, ill-burnt bricks will not bear a 
pressure equivalent to but 14 tons per sq. 
ft. withont crumbling, whilst not very long 
ago one unprecedentedly strong machine- 
made brick by Clayton & Co. was found by 
Kirkaldy to sustain a pressure equivalent 
to no less than 323 tons per sq. ft—a vari- 
ance quite as wide as any exhibited by 


brickwork under tensile strains. Many of 


the bricks supplied by the same makers for 
the Midland Railway and Thames Embank- 
ment contracts bore 95 tons per sq. ft., be- 
fore cracking to any extent, 133 tons before 
cracking to a considerable extent, and 190 
tons before crushing throughout. 

Piers of compressed bricks 2 ft. 6 in. 
high by 84 in. sq. were tested by Mr. Ro- 
bertson and found to sustain 50 tons per 


'sq. ft. when set in grey stone lime, and 


200 tons, when set in Portland cement. 
Clarke found that the resistance to crush- 
ing of rather soft bricks set in cement 
averaged 34 tons per sq. ft., and many 


|other experiments might be cited to show 
|that this amount fairly represents the 


average resistance of ordinary stock bricks 
set in ordinary good mortar. Grant’s ex- 


| periments show the crushing resistance of 


bricks made of net Portland cement to be 
243 tons per sq. ft. when 3 months old, 
and 385 tons when 9 months old, whilst 
with the addition of one part of sand the re- 


| spective resistances were reduced to 160 tons 


and 292 tons, and with five parts of sand 
to 61 tons and 108 tons per sq. ft. Pro- 
perly made concrete, consisting of one part 
of grey stone lime to six parts of ballast, is 


|at least as strong under compression. as 


good stock brickwork ; and concrete made 
of one part of Portland cement to nine parts 
of unscreened ballast, has been found to 
possess ample transverse strength for fence 
walls and similar works. 

Having thus briefly reviewed a small, 


| though for the present purpose a sufficient- 


ly large, portion of the mass of information 
in existence bearing upon the strength of 
brickwork, a little space may usefully be 


devoted to the consideration of the practical 
| inferences which may be drawn therefrom. 


In an early part of this paper it was premis- 
ed that to an intelligent and thoughtful 
observer a mere walk through the 
streets, and an inspection of the buildings 
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erected or in progress, would suffice to prove 
that brickwork was possessed of many other 
valuable properties besides that of the sim- 
ple power to resist a thrust. The evidence 
subsequently advanced has all tended to 
justify this conclusion, and if proper use be 
made of the data now at hand, in no case 
will theory and practice be found at vari- 
ance. The speculative builder’s apparently 
fatuous mistake in neglecting to put in a 
massive abutment wherever he introduces 
an arch, will be seen to be no mistake at 
all, but simply an unconscious adherence to 


theoretical principles, since as a matter of 


fact he is not dealing with an arch, but 
with a brick beam which gives no horizontal 
thrust, and requires no abutment. In the 
same manner, the firm belief entertained by 
most practical builders as to the sufficiency 
of almost any piece of iron joist that may 
come to hand to carry a brick wall of any 
height across openings of the size ordinarily 
met with in their practice, admits of scien- 
tific justification ; whilst on the other hand 
the belief entertained by our typical young 
engineer fresh from King’s College, that 
the bending action upon such a joist would 
be that due to the entire weight of the mass 
of super-imposed brickwork, can be shown 
to be utter and indefensible nonsense. 
Probably few engineers would fail to smile 
at the suggestion that they should line their 
tunnels when carried through solid rock with 


10 or 20, or whatever number of rings of 


brickwork might be found necessary to 
sustain the mass of rock overhead, upon 
the hypothesis that it is a fluid of uniform 
density pressing upon the brick arch or lin- 
ing, like the water upon the internal flue of 
a Cornish boiler. Yet if the problem to be 
solved be to carry a brick wall or an arch 
—that is to say, to construct what is in 
effect merely a short length of tunnel 
through rock, for, as our experiments show, 
even comparatively green brickwork pos- 
sesses greater transverse strength than 


many rocks—there are unfortunately not | 


wanting many engineers in responsible posi- 
tions who base their practice upon the as- 
sumption that the whole mass of the wall 
will press remorselessly foot by foot upon 
the arch; or who are so frightened at the 
powers they have conjured up, as to be led 
to assert that nothing less than massive 
wrought-iron girders could sustain the 
enormous pressure of the fluid brick wall 
with which, according to their unfortunate 
hypothesis, they have to deal. 


VAN NOSTRAND'S ENGINEERING MAGAZINE. 











The most glaring faults of a small coun- 
try builder are venial in comparison with 
such blunders as these. He may at times 
select a piece of iron joist too light to carry 
his wall at the rate at which he is running 
it up, but since, as our experiments have 
shown, the strength of his mortar or cement 
will increase rapidly with age, his remedy 
will generally be found in propping up the 
joist temporarily until sufficient time has 
elapsed for the brickwork to develop the 
necessary powers for self-sustainment. As 
an illustration of the application of the data 
advanced in this paper, it may be useful to 
show that a lofty brick wall built entirely 
across a girder does not necessarily throw a 
greater strain upon the girder than a wall 
yy th of the height, although in the face of 
the experiments already recorded this may 
appear a self-evident proposition. 

Now /. being the height of the wall, ¢ its 
thickness, and 8 the span of the opening 
across which it is to be carried, all in feet, and 


J being the tensile resistance of the brick- 


work in pounds per square inch, then the 
transverse breaking weight of the wall as a 
beam in ewts. distributed over the entire 
span will be: 
BW. _i2 he tf 
is) 

Dut the weight of the wall itself in ewts. 
distributed will be equal to 8 ¢ 4; hence, if 
the wall is to carry itself across any open- 
ing it must comply with the conditions of 
the equation : 

785? —12ikf 


0. 


That is to say, the product of the height of 
wall into the tensile strength of the brick- 
work must always be a constant function of 
the square of the opening across which the 
wall has to carry itself. The span and ten- 
sile strength being given, the minimum 
height of the wall to be self-supporting will 


be: 
ose 
h= -—”. 
zy 


If the height of the wall be less than that 
indicated by the above equation, an arch or 
a girder must necessarily be provided tocarry 
some portion of the weight of the wall. 

For any height not less than /, the por- 
tion of wall which will be self-sustaining 
will, since the weight is proportional to /, 


and the strength to i’, be the fraction 


of the entire weight, and of course the frac- 
tion coming upon the arch or girder cannot 
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be less than 1- Hence the greatest 


h 
stressimposed upon the girder will obviously 
1 
o . . 
occur when (2 — >, ) 2‘ is a maximum, that 
is to say, when h,—=}/. Expressing /, in 
terms of /, the load upon the girder in terms 


of the entire weight of wall of the height A | 


will be equal to h,—/,’. This, as already 
shown, will have a maximum value when 
A,=th, and will then be equal to 4; hence 
it appears that the height of wall producing 
the severest stress upon the girder will be 


78? 
equal to ya and that one half of the 


weight of the wall will then be self-sup- 
porting and one half require extraneous 
support. 

It follows from this that the probable 


maximum stress induced upon a girder by a | 


wall of any height will not exceed that re- 
sulting from a distributed load in ewts. 
equal to: 
78? S*t 

5 _ St am —.. 

~ $6 FJ if 

There is no pretence of theoretical exact- 

ness in the preceding deductions, indeed, in 
the absence of exact data on certain points, 


any attempt at refinement would have serv- | 


ed only to obscure the broad truths which 
have been elicited in a simple form, and 
with a sufficient degree of accuracy for 
present purposes. ‘The last deduced ex- 
pression for the maximum stress upon a 
girder loaded with a solid brick wall is 
strongly at variance with the ordinary engi- 
neering hypothesis ofa fluid brick wall, but 
singularly confirmatory of the speculative 


builder’s ordinary and successful practice. | 


The builder cares little or nothing what the 
height of his walls may be, but he has a 
wholesome horror of large openings. The 
preceding equation shows that except for 
very limited heights, the height of wall does 
not enter into the consideration at all, 
whilst the necessary strength of girder 
varies as the fourth power of the span. 
Again, the rationa/e of the builder’s prac- 
tice of temporarily supporting a beam 
which has proved to be rather too weak 
during the carrying up of a wall is now 
evident enough, since the stress upon the 
girder has been shown to vary inversely 
as the value of 7; and that value, as the 
experiments cited show, increases rapidly as 
time is allowed for the mortar to set. Thus, 
assuming a 14 in. party wall, not support- 
ing any floors, has to be carried across a 15 





ft. opening 


g, upon a 12 in. sq. balk of timber 


capable of supporting a distributed load of 


1173 ewt. without undue deflection, then 
| sufficient time must be given, either by 
| carrying the wall up slowly, or by support- 
‘ing it during construction, for the mortar to 
'develop a tensile strength in pounds per 
square inch equal to: 

fan nS oe Bh tes. 

, 173 X 7 
The load of 173 ewt. upon the span of 15 
| ft. would be equivalent to that of a 14 in. 
| wall 10 ft. in height; hence, the maximum 
i stress upon this girder would occur when 
the wall was carried up toa height of 20 
{t., whilst at a height of 40 ft. the wall with 
| the given strain of 3} lbs. per sq. in. would 
be self-supporting. 

The same result would, of course, have 
been obtained for the previous equation, in 
| which the minimum height of wall capable 

of self-support was shown to be: 
78 
By* 


a= 


whence by substitution A/==40 ft., as be 
fore. 

If, as in practice is almost invariably the 
vase, the wall be carried up during many 


successive days, the strength of the mass of 


brickwork will not be uniform, but be a 
maximum at the bottom of the wall, and 
|gradually diminish towards the top. In 
| such a case the value of may be taken as 
one-half of the tensile strength developed 
in the mortar at the base of the wall; 
hence, in the case selected for illustration, 
sufficient time would have to be given for 
the tensile strength and frictional resistance 
of the brickwork and mortar to be equal to 
a stress of about 6} lbs. per sq. in., or the 
timber beam would show an undue deflec- 
tion. 
Many other illustrations might be given 
of the useful practical information deduci- 
| ble from the data advanced in this paper. 
When arches subjected to an equally dis- 
tributed load are under consideration, the 
question of resistance to a bending moment 
is often of vital importance. Much sur- 
prise was expressed at the time at the com- 
| paratively enormous strength of some nar- 
row strips of brick arches about 15 ft. 
| span, and only 4} in. thick, tested by Mr. 
Fairbairn by the application of a concen- 
' trated load at the centre; but there were 
| no just grounds for surprise, since the be- 
havior of the arches was entirely and 
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simply consistent with the facts and theory 
referred to in the preceding investigation. 
In conclusion, it may be well to reiterate 
the fact that the object of this paper has 
not been to dictate to the engineer any pre- 
cise and absolute value which should at- 
tach to the inherent transverse strength of 
brickwork, but merely that he should never 
omit to include that element in his calcula- 
tions. The engineer must in this, as in 
other instances, consider each case upon 
its own merits, and act accordingly, without 
attempting to save brain-work or to shirk 
responsibility at the expense of his clients’ 
pockets. Where, as in problems of the 
nature now under consideration, the data 
are imperfect, and the effective supervision 
of the work during execution is of para- 
mount importance, it is quite legitimate on 
the part of the engineer to provide for the 


if thaarch or girder were proportioned to 


sustain the maximum possible stress of a 
“fluid” brick wall without exceeding the 
elastic limit of the material employed, and 
the maximum probable stress, according 
to the principles advanced in the preceding 
investigation, without exceeding one-fourth 
of the ultimate strength, the engineer 
would have no cause for anxiety, and yet 
would effect a considerable reduction in the 
cost of many of his works, as compared 
with others of a similar nature based upon 
the ordinary unsatisfactory and unscientific 
practice. It may be taken for granted that 
in the long run the interest of the engineer 
will prove identical with that of his client. 


| A few carefully-matured designs well car- 


ried out, with a strict regard to economy, 


will bring more fame to the engineer than 
_acart-load of vain conceptions, since—in the 


maximum possible, as wellas the maximum | 


probable stress, which could take effect 
upon his structure. In the present case, 


incisive language of Lord Bacon, “ Men 
mark the hits, but’ do not count the 
misses.” 


HEAT AND STEAM. 


From ‘ Engineering.” 


One or two propositions connected with 
heat and steam are even now not generally 
comprehended, notwithstanding all that 
Mayer, Rankine, Joule, and Clausius have 
done to instruct us; and a great deal of 
mental confusion on apparently simple 
truths connected with the formation and 
use of steam exists, not only among young 
engineers, but in the minds of men of con- 
siderable standing in the profession. 

The chances are about ten to one that any 
mechanical or civil engineer in good prac- 
tice, if asked why a steam engine works at 
all, would give a defective answer. To 
begin at the beginning, we would probably 
be told that the sun’s rays stored up—to use 
popular phraseology—heat in old-world 
forests, which forests subsequently became 
coal-seams, the coal retaining all the before- 
mentioned heat, and being ready to give it 
back to us when we want it. ‘The coal so 


made we burn in a furnace, and so heat | 


water in a boiler. This water is converted 
into steam, and this steam works the engine, 
giving out power which was stored up 
thousands or millions of years ago during 
the growth of the primeval forest. This 
train of argument, or, more properly, asser- 
tion, is imperfect and weak, inasmuch as it 


leaves absolutely untouched the phenom- 
enon on which the whole sequence of events 
hangs. We shall, to simplify matters, sup- 
pose that the entire sun action theory is 
quite satisfactory, and we shall take up the 
question at the point where we burn coal 
under or in our boilers. Starting here, we 
ask our readers whether it has ever struck 
them as remarkable that heat should pass 
from the coal in the furnace to the water in 
the boiler. We know perfectly well what 
the answer will be. They will reply in the 
negative. Why should there be any diffi- 
culty in the matter? Now, it appears to us 
that not only is there a great deal of diffi- 
culty in the matter, but that this transmis- 
sion of heat from one body to another con- 
stitutes one of the most remarkable phe- 
nomena of physical science, the importance 
of which is overlooked only because it is a 
thing of every-day occurrence with which 
all civilized mankind has been familiarized 
from its earliest childhood. Let us see 
what this transmission of heat so glibly 
talked about, really means in the case of 


‘fire and water. In order to narrow the 


field we are ranging as much as possible, 
we shall keep to the transmission of heat 


_ from coal to water, neglecting its transmis- 
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| 
sion from coal to the iron of the boiler 
plate. 
In a boiler of fair construction a pound 
of coal = convert 9 lbs. of water into 
steam. Each pound of this steam will rep- 
resent an amount of energy or capac ity 
for performing work equivalent to 746,666 
foot-pounds, or for the whole 9 Ibs., 6,720,- | 
000 foot-pounds. In other words, 1 Ib. of | 
coal has done as much work in evaporating | 
9 Ibs. of water into 9 lbs. of steam as would 
lift 2,232 tons 10 ft. high. Now it is quite 
certain that the power thus stored up in the 
steam must have been actually done on the 
water. In other words, as much energy has | 
been expended in breaking up the water | 
into steam as would suttice to lift 2,232 
tons 10 ft. high. Having got so far, we are 
met by the question, Why does the steam 
engine operate at all? In other words, why | 
has the fuel in the furnace done this enor- 
mous amount of work on the water? = It 
is certain that it can only have been done 
in one of three ways. Using once more 
popular phraseology for convenience, we 
may say that heat could only have got into 
the water either because it was fore ed i in by 
some special action on the part of the fuel, 
or that it was absorbed from the fuel by 
some special action on the part of the water, 
or that it found its way in by a combined 
existence of furee on the part of the fuel, 
and of absorption on the part of water. 
The popular theory is, that the water ab- 
sorbs the heat, but popular theories are | 
often erroneous, and this theory is especially 
so. It should be obvious that a body like 
water, which retains its cohesion with such 
tenacity that 746,666 foot-pounds of energy 
are required to convert about one pint of it 
into steam, cannot also manifest a power of 
absorbing the very agent which effects its 
disruption with such difficulty. ‘The absorp- 
tion theory must be absolutely rejected. | 
The heat required for evaporation can only | 
find its way in by main force ; and nothing 
seems more startling than the fact that the 
volatile products of combustion in their | 
rapid flight to the chimney should be able 
to perform the enormous duty implied by 
the act of evaporation. ‘To the philosopher 
in his laboratory, familiar with the vibra- 
tion theory as taught by Tyndall and others, 
and to the ordinary observer, there is nothing 
remarkable about the matter. The first 
understands pretty clearly the nature of the 
forces with which he is dealing, while the 
latter does not think at all. But we fancy 
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that the phenomenon will appear very curi- 
ous indeed to many of our readers who for 
the first time realize the fact that, so far 
from water absorbing heat as a sponge 
soaks up aliquid, a vast expenditure of 
energy is required to force even a single 


| unit of heat into it. 


Coming next to the popular theory of 
latent hea at, we find that, although time and 
again has it been pointed out that the 
phrase “latent heat” is one of the most 
unfortunate that could possibly have been 
adopted, there are still scores of intelligent 
men who, led away by this expression, rez sally 
believe that heat is stored up in steam in 
some way not recognizable by a thermom- 
eter. Now, as a matter of fact, there is no 
such thing as latent heat. Steam really 
contains comparatively little heat, certainly 
not more than an equal weight of water at 
the same temperature. When we speak of 
the “ total heat in steam,” we make use of 
a very inaccurate phrase, which we hope to 
see banished from the vocabulary of the 
engineer. ‘The thermometer cannot recog- 
nize the existence of latent heat in steam, 
simply because there is no latent heat in it. 
What és stored up in steam is work, not 
heat ; and, instead of speaking of the total 
heat of steam in degrees of the thermometer, 
we should speak of the total energy in 
steam in terms of British units. And here 
we may remark that it is open to question, 
whether, in the strict sense of the word, 
heat passes from burning fuel to the water 
in a boiler at all. It would probably be 
more correct to say that energy passes from 
the fuel to the water, and, by doing so, no 
erroneous impression could be conveyed. 
Until a temperature of 212 deg.—under at- 
mospherie pressure—has been reached little 
or no work is done on the water in a boiler. 
The heat transmitted from the fuel remains 
as heat, or the work—if work it be—so trans- 
mitted appears in tle water as heat; but the 


/moment a temperature of 212 deg. has been 


reached, heat no more appears as heat in the 
boiler. On contact with the water it is 


| transmuted into work—done in forcing the 


atoms of the liquid further apart in opposi- 
tion to their desire to remain close together ; 
and consequently, once ebullition com- 
mences, the augmentation of temperature 
ceases. 

If we want the heat poured into the 
water in a boiler after a temperature ot 
ebullition proper to the pressure has been 
reached, to appear as heat, we must con- 
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dense the steam without allowing it to do 
work, as by turning it into a vessel of cold 
water. 
atoms of cold water far apart—the work 
will appear as heat. If, however, the work 
stored in the steam could separate the atoms, 
it would not reappear as heat—it would re- 
main as energy. It is certain that, in 


steam in contact with water in a state of 


suspension, it is impossible to store up heat 
as heat, the water immediately transmuting 
the heat into work. 

It is beyond our purpose to consider the 
practical bearing of the facts we have stated 
on steam engineering. We have endeay- 
oured to put certain phenomena connected 
with heat and steam in a light which will, 


Here—as it cannot separate the | 


we feel certain, prove novel to not a few of 
our readers. ‘Lhe relations of heat and 
work ought to be well understood; but, 
| owing probably to a certain confusion of 
ideas or of language—in nota a few cases 
| of both—manifested by the writers of some 
| of the text-books ordinarily read, they are 
not clearly comprehended. Our purpose 
| has been served if we haye succeeded in 
| persuading such of our readers as hereto- 
| fore held a different opinion, that water 
does not absorb heat of its own volition, but 
| that heat has to be literally hammered into 
| it with an enormous expenditure of labor, 
/and that there is really no heat in steam 
except that which can be measured by the 
thermometer. 





ANALYSIS WITH 


THE BLOW-PIPE. 


From the ‘London Mining Journal.” 


So great is the importance of blow-pipe 
analysis to practical miners, especially when 
daily communication with a professional 
assayer is impracticable, that it is surprising 
that the use of the blow-pipe is not more 
gene:a'ly learned by all who have any in- 
tention of pursuing such a course of tech- 
nical education as should qualify them for 
the duties of the higher officers of mines, 
although it must be acknowledged that the 
works upon the subject are comparatively 
little known amongst the classes to whom 
they would be most useful. Since the issue 
of Sheridan Muspratt’s translation of Platt- 
ner’s book, almost the only work which has 
appeared in England is Mr. Blandford’s 
translation of Scheerer’s little treatise; and 
as this, although no doubt valuable of its 


kind, was better suited to refresh the mem- | 


ory of those who had already systematically 
studied the subject under a professor than 
to afford complete instruction itself, it has 
never become very generally known. Platt- 
ner has always been regarded as the stand- 
ard authority, and as the progress made in 
all connected with analysis has been so 
rapid, that the lapse of more than 20) years 
afforded much opportunity for revision and 
extension, Muspratt’s work has become ob- 
solete, and a new trauslation was much 
wanted. This want has now been supplied. 


Within the last few years, a new edition 
of Plattner being required, Prof. Richter, 
of the Royal Saxon Mining Academy, or, 
as we are more accustomed to call it, the 


| Freiberg Mining School, undertook the re- 
vision and enlargement of the work; and 
of this new edition Mr. H. B. Cornwall, 
M.A., M.E., of Columbia College School of 
Mines, New York, assisted by Mr. J. I. 
Caswell, M.A., has just completed a very 
excellent translation, with numerous emen- 
dations and additions,* which bring the in- 
formation down to the present time. 

The choice of a blow-pipe being of some 
importance to insure convenience to the op- 
erator, the first pages of the book contain 
descriptions of the pipe of the form proposed 
| by Gahn, and approved by Berzelius; but as 

Black’s form is, for all practical purposes, 
| fully equal, and has the merit of being less 
| costly, we think it may safely be substitut- 
| ed. ‘Io many, however, the use of the 

simple mouth blow-pipe is laborious, what- 
ever instruction they have received as to the 
method of blowing from the cheeks, and 
therefore the author very properly gives 
some attention to the contrivances which 
have been devised for maintaining the 
flame without the help of the human lungs, 
remarking, with truth, that the caoutchoue 
bellows satisfies all requirements ; and, with 
regard to fuel, he carefully describes the 
best form of lamp to be used when a wax 
candle is insufficient, and gas is not within 
reach. The blow-pipe and fuel being chosen, 








* Plattner’s ‘‘ Manual of Qualitative and Quantitative Anal 
ysis with the Blow-pipe.”? From the last German edition, revis- 
ed and enlarged by Prof. Th. Richter. Translated by Henry B. 
Cornwall, M.A., M. E., assisted by John H, Caswell, M.A. New 
York: D, Van Nostrand. 
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the blast and the flame are described, so 
that no difficulty is experienced in under- 
standing the different nature of the various 
parts of the flame, explained immediately 
afterwards. Great care is likewise taken to 


describe and offer hints for the selection of 


the instruments, small vessels, and other 
objects used in blow-pipe analysis, so that 
the student is well prepared for the consid- 
eration of the practical portion of the work. 
The second section of the book commen- 
ces with a very valuable set of general 


rules, according to which the behavior of 


minerals and other substances before the 
blow-pipe can be determined, and a con- 
siderable proportion of their constituents 
discovered ; throughout the section every 
particular is given which is necessary to 
prevent failure, and as Dana’s mineral 
nomenclature has been followed, the work 
will be understood and valued wherever 
the English language is read. The tables 
showing the behavior of alkalies, earths, 
and metallic oxides alone and with reagents 
before the blow-pipe, are very clear and 
distinct; and the general rules for quali- 


tative blow-pipe examinations, by which the | 


separate constituents of compound substan- 
ces can be detected by the partial aid of 
the wet process, are particularly lucid and 
complete. When the blow-pipe is used for 
determining the precise mineral under ex- 
amination, and not merely for ascertaining 


the presence or otherwise of some given | 


metallic or other chemical agent, the ar- 
rangement followed in this section of the 
book will be especially valuable, since under 
each element an account is given of its 
occurrence in the mineral kingdom, so that 
the presence of barium being “indicated the 
blow-pipist can at once refer ‘to the list of the 
principal minerals wherein that element 
occurs, and readily decide upon the requi- 
site further tests to determine it. Again, 
the arrangements of the elements to be ex- 
amined for is well calculated to facilitate 
reference—the alkalies and earths, the me- 
tals and their oxides, and non-metallic ele- 
ments and acids being treated of in 
separate classes—a vast improvement on 
the alphabetical system, which is too often 
followed in works of reference. The sec- 
tion also contains a very useful series of ex- 
pee which will enable the student to 

acquire experience in the readiest methods 
of dealing with salts, or similar combina- 
tions, of ‘silicates, aluminates, metallic ox- 
ides, sulphides, selenides, arsenides, or of 
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om after sadies judged, by the general 
appearance, to which class the substance to 
be examined belongs. 

In ———_ analys's by the blow-pipe 
it will readily be understood that, since the 
experiment is performed with only about 
1} grain of mineral (the assay centner 
being by common consent fixed at 100 
milligr.), the amount of metal extracted is 
extremely small, so small indeed that it is 
almost impossible to weigh the resulting 
button, and to overcome the diffic ulty Har- 
kort conceived the idea of measuring the 
buttons instead of weighing them. This 
idea he executed so well that it is possible 
to determine with sufficient accuracy the 
proportion of silver in an ore, mineral, ete., 
even when it contains less than 0.0033 per 
cent., or 0.960z. in atonof ore. Larkort’s 
scale is founded on the principle that the 
weights of the metallic spheres are propor- 
tional to the cubes of their diameters, and 
that these diameters can be accurately com- 
pared together by means of two fine con- 
| vergent lines between which the spheres 
are laid. But, although accurate results are 
possible with this scale, extreme delicacy of 
manipulation is necessary, and to remove 
the difficulty which thus arises in the meas- 
urement, several beautiful litle instruments 
| have been devised. Those of Rueger and 
Kleritz are described and illustrated by 
| Prof. Cornwall, and as Kleritz has also 
corrected the slight inaccuracy resulting 
| from the adoption of the principle upon 
| which Harkort’s scale is based, greater 
| accuracy than is now obtainable need 
| scarcely be desired. ‘The value of such in- 
| struments as these will be at once appre- 
ha by quantitative blow-pipists. 

With regard to the formule of the sili- 
ates we notice that SiO* has been substi- 
| tuted for SiO* throughout the book, and that 


amongst the various additions made is one 
explaining a quantitative assay for mercury ; 
the same 
jas that proposed by Domeyko, is very 
ee . a .. 
| simple and exact. A glass tube about 3 
| 


this assay, which is essentially 


lines in diameter, and 7 or 8 in. long, of 
not too thin glass, is naa at about 2 in. 
from the end to an angle of about 120 deg., 
and closed at one, the shorte rr, end, leaving 
the shorter arm 1} to 2 in. long. The tube 
is thoroughly dried, and then from 509 to 
3,000 milligr. of finely powdered ore, accord- 
ing to its richness, intimately mixed with 5 
to 10 grm. of litharge, is introduced into it. 
The lower end is gre radually heated over the 
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spirit lamp until the whole mass is melted 
and the glass begins to soften. The mois- 
ture that may be present condenses in the 
middle of the tube, while the mercury will 
settle as a thin film, sometimes scarcely 
perceptible, upon the sides of the glass. 
When all the mercury has been sublimed 
the tube is carefully heated, so as to con- 
centrate the mercury as much as possible to 
aring near the elbow; the tube is then 
allowed to cool, cut off with a file close to 
the ring, and the mercury then brushed 
together to one drop, and transferred to a 
weighed capsule. In this way 0.05 per 
cent. of mercury can be very readily deter- 
mined, and the nature of the gangue has 
no influence upon the result. The excess 
of litharge serves not only to oxidize the 
sulphur and silenium, but also to remove 
the arsenic antimony and bitumen so fre- 
quently found in ores of mercury, and the 
resulting metal is so pure that it can be 
very easily and perfectly united into one drop. 


| The work, then, it will be observed, 
although published as a translation of 
Plattner, is really in advance of it in point 
of time and completeness, for whilst the last 
German edition is nearly seven years old, 
the translation extends to the present time, 
and as Prof. Cornwall has had the advan- 
tage of the co-operation of Professors Richter 
and Egleston, no fear need be entertained 
that there is any want of homogeneity in 
the work, or that any important advance 
made in Europe or America has escaped 
record. ‘The classification and general 
treatment of the subject adopted by 
Plattner have been certified by Muspratt, 
Richter, and others of great experience in 
teaching, to be almost incapable of im- 
provement, and as Professor Cornwall has 
combined with these merits that of giving 
the latest discoveries, it would be scarcely 
possible to place a more valuable and re- 
liable volume on the subject in the hands 
of the student. 


ON THE EXPANSION OF WATER.* 


By MR. ALEX. MORTON, 


From ‘The Engineer.” 


The expansion of water having received 
but little attention from modern writers and 
experimenters in Britain, and as a study of 
the subject necessitates recourse to foreign 
publications, widely spread and often difti- 
cult to obtain, the writer has been led to 
lay before you the results of his investiga- 
tions and references, believing that the sub- 
ject is one of the very first importance. 

For a number of years past he has col- 
lected all the important experiments he 
could discover, as well as the writings of 
many philosophers of authority, and from 
a selection of the most modern, and those 
he considers the most trustworthy, he now 
lays before you the results of their deter- 
minations. 

{In a paper by Professor Miller, in 1856, 
“On the Standard Pound,” Hiillstrum and 
Muncke’s observations have been thrown 
aside on account of certain sources of error 
pointed out by M. Despretz; and on consid- 
ering carefully the observations of Despretz, 
Pierre, Kopp, Stampfer, and Plucker and 
Geisler, and after making the necessary 





* Institution of Engineers and Shipbuilders in Scotland. 


corrections in accordance with the observa- 
tions of M. Regnault, he relies exclusively 
on those corrected observations of Despretz, 
Pierre, and Kopp, believing that the mean 
of all three will approximate more nearly 
to the truth than any one of them taken by 
itself. Since Miller’s paper was read many 
valuable additions and observations have 
been made by M. Hagen, M. Matthiessen, 
M. Rossetti, and others. In 1855 Hagent 
used the method of Stampfer for his obser- 
vations, which consists in weighing a metal, 
the expansion of which has been previously 
ascertained, in water at different tempera- 
tures. In 1866 Matthiessen { adopted the 
weighing method also, but instead of using 
a metal he weighed a piece of glass cut from 
rods, upon which he had made many and 
varied experiments at and through nearly 
every grade of temperature, from maximum 
density to the boiling point, to ascertain ex- 
actly the cubical expansion of that kind of 
glass. The glass piece cut from the rod 


was highly polished, and suspended by a 
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very fine platinum wire, hanging from a 


EXPANSION OF WATER. 


delicate balance placed in a glass case, so | 
that the currents of air might not affect the 


different weighings. 


His weights, ther- | 


mometers, and adjusting screw were from | 


time to time adjusted with the Kew stand- 


ard, and every care taken to obtain correct | 


indications. 


mercury in the water near and at the boil- 
ing point, and found it to coincide almost 
exactly with that obtained and published 
by Regnault. In 1866 M. Rossetti§ adopt- 
ed the method of Despretz, Pierre, and 
Kopp; that is, by using dilatometers sur- 
rounded with a liquid whose temperature 
can be varied at will. When the surround- 
ing medium has been maintained for a suf- 
ficient period of time at a constant temper- 
ature, and continually agitated so as to be 
uniform, the rise of the distilled water con- 
tained in the dilatometer is noted for such 
ascertained temperature. Ilis first series 
of observations extended from the freezing 
point to 50 deg. Cent., or 122 deg. Fah.; 
and with a view to defining the maximum 
density he had the counsel of M. Regnault, 
and the use of his laboratory for determin- 
ing the cubical dilatations of his instru- 
ments ; the weight of mercury was defined 
by the exact balance of the “College de 
France,” and his thermometers were con- 
structed by the celebrated maker Fastré, and 
eompared with Regnault’s standard ther- 
mometers. The different apparatus, their 
position during the experiments, and the 
manner of procedure are very carefully de- 
scribed in an extract by M. Feltz. The 
temperature of maximum density arrived 
at by this series of observations is 4 deg. 
-O7 Cent., or 39.326 Fah. 

As his first determinations only extended 
to 50 deg. Cent., he resumed his experi- 
ments in 1868; || and the result of his 
second memoir extends from—4 deg, Cent. 
below the freezing point, to the boiling tem- 
perature. The care with which his instru- 
ments were made and tested, and his own 
knowledge as an experimenter, coupled 
with the opinions of others qualified to 
judge of the necessary corrections on the 
labors of previous experimenters, his deter- 
minations should have a high value set 
upon them; but, like Professor Miller, he 
prefers taking the mean result of many 
high authorities’ observations, instead of 


§ Annales de Chimie, 4 serie, tom. 10, 1867. 
|} Annales de Chimie, 4 serie, tom. 17, 1869, 


To check his observations on | 
the dilatation of water he weighed pure | 


| 
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relying wholly on his own observations. 
In the second memoir the maximum den- 
sity of water is stated at 4.04 deg. Cent., 
but again he sums up the united deter- 
minations of eight notable philosophers, 
and adopts the mean, which is 4 deg. Cent. 
or 39.2 Fah.; and this is exactly the tem- 
perature fixed by Despretz. Every experi- 
menter since Despretz (1839), including 
Matthiessen and Rossetti, considers his ob- 
servations, their regularity and defined 
amount at all temperatures, of the hghest 
value. Now, a formula which would indi- 
cate the curve, showing the dilatation of a 
volume of distilled water, has been pub- 


| lished by nearly every investigator of the sub- 





| 


ject; but to trace the curve from maximum 
density to the boiling temperature, with any 
degree of accuracy, two or more series of 
constants had to be adopted. Kopp, Pierre, 
and Matthiessen state their inability to dis- 
cover asimple formula which would include 
that range. The formula given by M. 
Rossetti very well fulfils the conditions, but 
as some of the powers necessitate additional 
fractions of powers, and also as some of the 
terms have to be subtracted from the 
others, they cannot be termed simple for- 
mul ; moreover, at temperatures consider- 
ably above the boiling point, in many for- 
mul, including Rossetti’s, the minus term 
becomes greater than the plus term from 
which it has to be subtracted, and is conse- 
quently usless without renewed constants. 

After gathering all the information that 
could be obtained on the subject, the writer 
has adopted a simple formula which fulfils 
all the conditions, and agrees so nearly with 
the mean determinations of others, that he 
has been led to advance it for your consider- 
ation. 

The third column of Table T. has been ex- 
tracted from Professor Miller’s paper “ On 
the Standard Pound,” before referred to, and 
vives the mean values of Pierre, Despretz, 
and Kopp’s observations corrected by him- 
self. 

The fourth column gives the deductions 
by the new formula, so that they may be 
readily compared. 1t will be observed that 
the greatest difference is about 0.00001. 
Table IL. (see page 439) has been extracted 
from M. Rossetti’s second memoir, and in- 
cludes the observations of Kopp, Pierre, Des- 
pretz, Hagen, Matthiessen, Rossetti, Weid- 
ner,and Kremers, and the mean value of all 
these together has been taken by him as 





the nearest approximation to the exact di- 
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latation of pure distilled water, and is given 


in the eleventh column. The twelfth col- | 


umn gives the deductions by the formula 
under consideration. It may be mentioned 
that those observations marked by an as- 
terisk were discarded by Rossetti as evi- 
dently wrong. 








TABLE I. 
Mean 
Tempera- Tempera- of Despretz, 
ture ture Pierre By Formula. 
Cent. Fahr. and Kopp's 
experiments, 

3.945 | 39.1 1.000000 1.000000 
5 | 41.0 1.090008 1.000009 
6 42.8 | 1.000032 1.000033 
7 j 44.6 | 1.000070 | 1.600071 
8 ; 46.4 | 1,000121 1.000123 
9 48.2 1.000186 1.000188 

10 | 50.0 | 1. 1.000267 

ii | 51.8 | 1.000356 1.000359 

72 53.6 1.000463 1.000464 

bs 55.4 1.000578 1.000581 

M4 57.2 1.000708 1.000710 
5 | 59.0 1.0 0855 1.000852 
j 60.8 1.001005 1.001005 

| 62.6 1.001176 1.001170 
| 64.4 1.001353 1.001346 
66.2 1.001541 1 001534 
68.0 1.001743 1.001732 
69.8 1.001952 1.001941 
71.6 1.002169 1 002161 
| 73.4 | 1.002394 1.002391 
| 75.2 1.002642 1.002631 
| 17.0 1.002880 1.002581 





To depart a little from the subject : some 
thirteen or fourteen years ago the writer 
was engaged with some experiments on the 
loss of heat by suddenly expanding steam, 
and at that time gave this institution his 
views on the subject. In that paper (Vol- 


ume I. of the Transactions of this institu- | 


tion, page 103), he stated that “Steam 


when suddenly expanded extracts heat | 
from surrounding bodies, and, from the ex- | 


periments which I have adduced as proof 


of this phenomenon, it would appear to de- | 


mand an exact equivalent of heat for the 
increase of its own motion.” 


No attempt was then made to define the | 
amount, but Messrs. Cazin and Hirn have | 


since instituted an elaborate series of exper- 
iments on this subject, with a view to de- 
termining the amount of heat; and the 
full descriptions of their method, and the 
determinations therefrom, have from time 
to time appeared in the different volumes 
of the ‘‘ Annales de Chimie,” and the result 


of their labors proves beyond doubt that | 


suddenly expanded steam, at ordinary tem- 
peratures, loses heat by what they term in- 
ternal work, i. e., the work is overcoming 


the viscosity of inherent forces which ap- | 


| 
| pear to resist the expansion of its own 
body. 

To return to our subject, Mr. Hirn* very 
carefully prepared a thermometric appara- 
tus, by which he could determine the ex- 
pansion of water at temperatures above 
the boiling point, with a view to defining 
the amount of heat necessary to overcome 
/its own inherent forces, which is also 
termed internal work, and gives the results 
and his determinations up to 200 deg. 
Cent., or 392 deg. Fah., although the actual 
experiments only extended to about 182 
deg. Cent., or 359.6 Fah.; but from a for- 
mula of interpolation, the dilatations are 
given in Table IIT., column third. 


5 
TABLE III. 


Interpolated 


iv 
Temperature Temperature) M. Hirn By Formula. 
Centigrade. | Fahrenheit. froin his 
experiments, 


100 212 1.043815 | 1.04313 
120 248 1.05992 | 2 

140 284 1.07949 | 

160 820 1.10149 | 

180 356 1.12678 | 





200 3u2 1.15899 | 
| 


Those experiments by Hirn are the only 
observations above the boiling temperature 
that the writer has been enabled to trace, 
and therefore he must rely on them solely 
|in comparing the deductions by the new 
| formula with them, and with the exception 
of that at 200 deg. Cent., which has only 
| been interpolated from a formula construct- 
ed by himself to trace the curve of dilata- 
tion, the lower observed temperatures and 
| the formula very nearly agree. M. Hirn 
speaks highly of the observations of Despretz 
at temperatures below the boiling point; in 
fact, he has chosen these determinations to 
measure the capacity of his experimental 
apparatus. Many of the most eminent 
philosophers have been attracted by this 
subject, believing that a thorough notion 
|of the exact laws by which water expands 
by heat cannot but lead to more correct no- 
tions regarding (steam) the vapor of water, 
and the vapors of other volatile liquids, as 
well as forming an exact relative measure 
for the determinations of the properties of 
other bodies. Dr. Andrews’ invaluable ex- 
|periments on the “Continuity of the 





* Annales de Chimie, 4 serie, 1899. 
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Gases ”’* leads to the notion of only one 
state, and what may be said of the gas or 
vapor of any liquid may also be said of the | 
liquid itself, the difference being merely in | 
degree. 

The following formula was adopted from 
a study of a great number of formule, and 
the deductions therefrom compared with 
the most recent observations up to the boil- 
ing temperature, and, as it gave very exact 
deductions of the mean values through that 
range, the writer was afterwards pleased to 
find that the formula, with the same con- 


stants, also included the observations of 


Hirn, which extend nearly as far above the 
boiling temperature as the other experi- 
ments extend above that of maximum den- 
sity. There are but three constants, and 
the logarithm of the temperature ¢, multi- 
plied by two, gives the second multiplier, 
and that multiplied by two again gives the 
third multiplier, consequently it becomes a 
very simple formula, and a number of de- 
ductions at different temperatures may 
easily be computed in as many minutes ; 
moreover, it is the only formula which in- 
cludes the whole range, and agrees much 
more nearly with the mean of all the ob- 
servations than any two experiments when 
compared with each other. 

The constants of the formula have been 
arranged for Fah. degrees, with the abso- | 
lute temperature of 461.2 deg. Fah., and | 
the maximum density of pure distilled | 
water 59.2 Fah. 

Formui.a. 
vV=10x 2 t+ Aa + et 
T, the absolute temperature measured from 
461.2 deg. Fah. below ordinary zero. 

t, the temperature measured from that of maxi- 

mum density, 39.2 deg. Fah. 

, the volume of water, that at maximum den- 

sity being equal to 1.000000. 
ConsTANTS. 
Logarithm 1. 4568213 
‘1.7578513 
6.4299621 


a. = 0.2863 
b. = 0.5726 
c. = 0.0000026913 


| ue Iron Mountain Railroad Company are 
about to commence the erection of a 
large rolling mill on the banks of the Mis- 
sissippi, immediately south of the river Des 
Peres. It will give employment to a large 
number of men, and will be first class in 
every — 


* Philosophical Transactions, London, 1869, 
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| REPORTS OF ENGINEERS’ SOCIETIES, 


‘Tue AMERICAN Pia IRON MANUFACTURERS’ 
ASSOCIATION assembled in Convention at 
| Cleveland, Ohio, on June 27th. The attendance 
| w as large. Delegates were present from all sec- 
tions, the West being most largely represented. 
The meeting was called to order by A. B. Stone, 
Esq., President of the Cleveland Rolling Mill 
Company, Vice-President of the Association. 

The minutes of the meeting of organization 
held in New York, January, 1872, having been 
read, a communication was received from Mr. 
David Thomas, stating his inability from ill health 
and age to retain the position of President of the 
Association. 

The resignation of Mr. Thomas was received 
with expressions of regret, and Mr. A. b. Stone, 
of Cleveland, elected to fill the vacancy. 

The Constitution was amended, and officers 
elected. The following is a correct list: 

President—A. B. Stone, Cleveland, Ohio. 

Vice-Presidents—Eastern—Edward L. Cooper, 
New York; Mr. Firmstone, Pennsylvania; Henry 
McCormick, Pennsylvania. Western—Gen. Jas. 
Pierce, Pennsylvania; A. B. Cornell, Ohio; A. B. 
Meeker, Illinois. 

Treasurer—Geo. W. Whitaker, Pa 

Managers and kueeutirve Commitiee—A. B. 
Stone, Cleveland, O.; Edward L. Cooper, New 
York; Mr. Firmstone, Glendon, Pa.; Henry 
McCormick, Hurrisburg, Pa.; General James 
Pierce, Sharpsville, Pa.; A. B. Cornell, Youngs- 
town, O.; A. B. Meeker, Joliet, Ill. ; James I. Ben- 
nett, Pittsburg, Pa.; O. W. Potter, Chicago, Ill.; 
| — H. Maxon, St. Louis, Mo.; Samuel ‘Thomas, 

Catasauqua, Pa.; Geo. W. W hits aker, Bethlehem, 
| Pa.; W. F. Bartlett, West Stockbridge, Mass. ; Mr. 
| Hall, St. Louis, Mo. 

Secretary—Thos. Dunlap, Philadelphia. Office, 
| 341 Walnut street, Philadeiphia. 

The morning was spent in discussing important 
topics of strictly trade interest. In the afternoon 
new members were elected, among which were 

| leading companies of the Lake Superior region, 
many from Missouri, Indiana, Ohio, and Western 
| Pennsylvania. 
| Communications were received, one from the 
| Hanging Rock Iron Association, of Ohio, urging 
| the universal adoption of the 2,000-pound ton in all 
| iron transactions throughout the United States. 
| In view of the importance of this subject, final ac- 
| tion was suspended until the October meeting. 
The views of members as to the condition and pros- 
| pects of the trade throughout the country were 
| very freely exchanged. It is clear from the re- 
| ports thus made that stocks of pig-metal were 
| never lower; that the demand, instead of falling 
| off, is increasing, and that the new furnace capacity 
| now building is not of sufficient size to relieve the 
scarcity, even when in blast. 

The Secretary read a report, reviewing the his- 
tory of the trade since the advance here and abroad, 
and the condition of the furnace interest, and giv- 
ing statistics of imports and domestic production. 
The report was ordered to be printed, together 
with the proceedings of the Convention, and sent 
to every furnace company in the United States. 

It was determined to include, by the October 
meeting, every furnace in the United States as 
| members. The Convention adjourned, to meet at 



































IR¢ 
Pittsburg, on the third Wednesday in October, 
1872. 
HE “ NEW-ENGLAND ASSOCIATION OF GaAs | 


ENGINEERS” held the semi-annual meeting at | 


Newport, August 24. Representatives of a ma- 
jority of the gas companies of New-England were 
present, together with Messrs. J. R. Thomas, W. 
R. Thomas, T. F. Rowland, and Dr. Smith, of 
Brooklyn, N. Y., and Prof. Stimpson, of Kansas 
University, as visitors. 

Vice-President George Dwight, of Springfield, 
Mass. (the President being absent in Europe), oc- 
eupied the chair. 


The morning hour of the session was devoted | 


IN AND STEEL NOTES. 
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diploma to one degree after another of definite 
guild rank. It is suggested that there might be 
three grades of certificates, thus: “ First, the ele- 
mentary grade, or what may be termed the work- 
man’s certificate; secondly, the advanced, answer- 
ing to the foreman’s certificate ; thirdly, honors, 
answering to the manager's certificate ;’ besides 
which, “each grade may further be subdivided 
into two classes—first and second.” To bring the 
scheme toa bearing, the Council of the Society of 
Arts resolved “ to hold their first Technological 
Examination in 1873, and to take up as the sub- 
jects the manufactures of Paper and Cotton.” 


to the consideration of the report of the committee | 


upon the subject of the “ sizes of pipes and sup- 
plies.” 

After discussing the report, Professor T. E. 
Stimpson, of Kansas University, presented and 
ead a paper on the subject of “ Gas-Burners,’ 
which received the thanks of the Association, and 
was ordered to be printed for the use of the pro- 
fession. 

In the afternoon the Association, by invitation 
of Mr. T. F. Rowland, made an excursion down 
the bay on Mr. Aspinwall s splendid steam yacht, 
Day Dream, past Narragansett Pier, and as far out 
as Point Judith, which they examined carefully 
with good marine glasses. On returning to New- 
port, carriages were provided, and a drive occupied 
the rest of the day. 

A meeting was held in the evening, when mat- 
ters of general interest to was engineers were dis- 
cussed, and adjournment made to the annual meet- 
ing in February. 

Thursday, the Association visited Narragansett 
Bay, and closed its labors and recreations with a 
clam-bake and a shore banquet. 


res FOR WORKING MEN.—A meeting was 
J lately held at the house of the Society of Arts, 
London, for the inauguration of a new system ot 
examinations for working men, whereby to en- 
courage them to apply themselves to the study of 
elementary science ia connection with their vari- 
ous trades. 

For some years past there have been certain ex- 
aminations supported by the Department of Sci- 
ence and Art, aud certain others by the Society of 
Arts, by which it has been competent for an artisan 
of superior self-education to obtain such authori- 
tative recognition as should enable him, diploma 
in hand, to seek advancement in his trade. In the 
course of what took place at this meeting, it ap- 
peared that in the Lancashire district, for example, 
a very considerable value has been attached to 
these examinations. The present project is, not 
to overthrow what has been already established in 
this form, and not even to interfere in any direct 
way with the work of the Science and Art Depart- 
ment; but, by the agency of the Society of Arts, 
to enlarge the field of study to which the principle 
shall be applied, and to aim, in short, at doing 
something towards the grand idea of providing 
for every artisan throughout the country such 
specific self-educational directions and such means 
of examination as shall enable him to learn the 
science of his trade as well as its rule-of-thumb, 
and to obtain successive recognitions of success, 
through which he shall be raised by express 


| ments have indeed been made; 





IRON AND STEEL NOTES, 


| T OF AMERICAN TRON AND SternL.—The 
American Society of Civil Engineers, at its 
recent session adopted a resolution, presented by 


’ : 
Ks 


| Gen. Wm. Sooy Smith, providing for a committee 


of the Society to memorialize the U. 5. Govern- 


| ment, and urge it to appoint a commission to make 


a thorough set of tests of American iron and steel. 
The British Government, more than 20 years ago, 


| appointed such a commission to make full tests of 


all forms and processes of iron manufacture, and 
deduce formule for the caleulation of strength, 
which are still in use, not merely in Great Britain 
but in this country. Given any problem in regard 
to the qualities and strength of any form of iron 
manufacture,—even any of the numerous forms 
that have since been produced,—and th3 engineer 
simply turns to his hand-book containing formule 
in which the coefficient adopted by the British 
Commisson is used. 

English and American differ from each 
other in certain general cheracteristics. American 
iron is softer than English. As respects resistance 
to tension strain, it is more ductile, tougher; while 
yielding more readily to immediate force, it will 
stand a greater ultimate strain; also, it undergoes 
vibration withouth crystallizing better than does 
English iron. English iron, being harder, stands 
a greater immediate tension strain, but yields to a 
less ultimate force, and crystallizes more readily 
under vibration. As respects compressive strain, 
the same general difference exists; it is believed 
that English cast iron, being harder, will, as the 
rule, resist greater compression than does ours. 

Had the English formule been originally adapt- 
ed to thedetermination of the strength of American 
products, the multiplication of new forms and 
qualities of iron in this country must long since 
have rendered them inapplicable in very many 
cases. There is a multitude of new forms and pro- 
cesses that have never been tested by any body of 
experts having authority to decide. Many expcri- 
but conducted by 
private parties, interested in the manufacture and 
use of iron and steel in one or another of its several 
varieties. They generally demonstrate the superi- 
ority for some special purpose of some particular 
process of manufacture or form of product. More- 
over, these experiments are of little general value, 
inasmuch as they have never been collated and ex- 
pressed in any formule applicable to our materials 
and processes generally. In regard to no other 
product, perhaps, do these considerations have so 
much force as in respect to Bessemer steel, which 


irons 
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has come into being since the British Commission 
made its tests and deduced its formule ; while not 
merely does English Bessemer differ from Ameri- 
can, but American varieties differ materially from 
one another. At the same time new processes of 
steel manufactureare constantly presented, and ex- 
perts have no formule applicable to all, by which 
their value can be conclusively ascertained. 

We need do no more than suggest the value in 
general which a long and full series of tests, thor- 
ough in each case and extending to all varieties of 
American iron and steel, would possess. Such 
facts would at once put us, in our iron manufac- 
tures, a century ahead of our present position. No 


single cause,—not all other causes combined, per- | 


haps,—did so much to give England the high po- 
sition she at once attained, or to maintain her un- 
disturbed therein to the present time, as did the 
labors of her Commission. 


The value of such a | 


| and cost will effect the solidification of a block of 


cast steel equally well and reduce the so-called 
honeycomb to its possible minimum. At the 
Austrian Steel Works, of Neuberg, in Styria, Che- 
valier Stummer, of Traunfels, has carried out a 
large series of of experiments in order to weld the 
interior particles of cast steel to each other as in- 
timately as possible, and to prevent the honey- 
comb, which is an accumulation of fine pores, filled 
with elastic gases which are inclosed in the cooling 
metal. The principal result of these experiments 
is, that it is quite possible by exposing the semi- 
fluid metal to a great pressure to unite all the 
pores within a very limited space in the centre of 
the steel block. This fact is of the utmost impor- 


| tance in the manufacture of heavy steel ordnance, 


series of tests of American iron, is thoroughly | 


appreciated by the most eminent of our engineers 
and manufacturers. General Smith, about a year 
ago, addressed the present Secretary of War upon 
this matter, and he had no difficulty in securing 
the hearty co-operation in his memorial of six of 








the largest bridge-building establishments in 
the United States. The importance of the 
proposed tests is thoroughly appreciated by the 
members of the American Society of Civil 


Engineers; aud now that this competent and 
influential body has taken the matter in hand, 
it would seem that Government cannot hesitate 
a moment—when once the subject is placed 
before it—to order and provide for the pro- 
posed tests. That the scheme will come before 
Government in a manner to command attention 
and respect, the character of the committee assures 






us. 


which is intended to bear the strain of very great 
charges, as in that case it is just the central part 
of the barrel which is bored out and the perfectly 
sound part of it left to form the wall of the gun. 
Thus a pressure of from 6 to 9 tons on the square 
inch will be sufficient to compress a red-hot steel 
ingot before its solidification, and give it an even 
structure throughout the whole mass, while the 
impact even ofa very heavy steam hammer, like 
Krupp’s 50-ton hammer, is principally spent on 
the outer part of the block, and the result will be 
the absorption of the power before it reaches the 
centre, and the exterior of the mass will be elon- 
gated and cause the tearing asunder of the central 
part. Only very heavy hammers or rams will ef- 


| fectually overcome the vis inertiw, which a very 


It consists of Gen. Win. Sooy Smith, Chair- | 


man; Gens. Geo. B. McClellan and J. G. Barnard, | 


Albert Fink, Esq., and James B. Eads, Esq. These 
eminent engincers have all expressed their appro- 
val of the plun, and accepted the appointment as 
members of the committee. General McClellan, 
in his letter of acceptance, only regrets that the 


with iron and steel, all other materials used in 
engineering processes and structures. 
readily be made the subject of additional instruc- 
tions by the Society.—Chicago Railway Review. 


“Hepeccagpar ger LiquIp 


SrEEL.—Though the pro- 
cess Ld 


hammering large ingots or heavy 
stocks of cast steel, when their interior part is still 
in a semi-fluid state, has been carried out effectu- 
ally by Krupp of Essen, for more than twenty-five 
years, and Mr. Bessemer patented the operation of 
condensing semi-fluid cast steel by means of the 


ot 


hydraulic press as long ago as 1856, the impor- | 


tance of the process and its merits are not so ap- 
preciated that it would seem superfluous to direct 
the attention of metallurgical engineers towards 
practical investigations which were carefully made 
in that direction. It very often happens that a 
seemingly common-place invention merits the pre- 
ference for its general usefulness before a more in- 
geniously conceived but unpractical idea, and the 
same may be said with reference to Krupp’s and 
Bessemer’s modes of proceeding, if compared with 
numerous other suggestions. The Bessemer press 


has even the great advantage before the steam 
hammer, that an apparatus of much less weight 


This might | 


heavy casting opposes to it.—Hngineering. 


Tum DANKS FURNACE.—At various works in the 

North of England, the construction of the 
Danks Furnace is being hurried on. A number of 
those furnaces will soon be at work, and practical- 
ly tested on a large scale. At some places arrange- 
ments are being made for running the pig metal 
direct from the blast furnaces into the Danks pud- 
dling furnace, and it is thought that there is no 


| reason why this plan should not be adopted in all 
| cases. 
Society did not embrace in the resolution, along | 





Ppt New Puppiine Furnace.—Another 
new rotary puddling furnace has been invent- 
ed by Mr. Defty, a working man in Middles- 
brough. His plan is to feed a long revolving 
chamber from a cupola, and run off constantly into 
ingots the puddled iron. 


\ io Iron TRADE IN THE Nort oF ENGLAND. 

—Buildings involving an immense outlay are 
now in course of erection at Stockton-upon-Tees, 
Middlesbrough, and other surrounding places in 
the North of England, in order to meet the re- 
quirements demanded by the extraordinary im- 
petus which has been latterly given to the iron 
trade in that district. The quantity of pig iron 
produced in the neighborhood is at the rate of 
about 2,000,000 tons per annum,or a value of 
£10,000,000 at present prices. It will be admitted 
that this is something enormous both in quantity 
and value, and yet it is inadequate to the vast re- 
quirements of the trade, the demand being con- 
siderably in excess of what can possibly be pro- 
duced. This being so, the various firms are en- 
deavoring by every means to increase their pro- 
ductive powers by the erection of new blast fur- 
naces. At the present time there are not less than 





























RAILWAY NOTES. 





thirteen new furnaces in course of erection at 
Stockton and the immediate neighborhood, repre- 
senting a value of £260,000, in addition to which 
several of the leading iron-masters are about to 


erect new and distinct works. Several new schemes | 


represent a total capital of £1,018,000 about to be 
laid out in new works and buildings, in addition 
to other works now being carried out; and the 
total capital required for the completion of new 
works and the extension of established concerns 


within the next twelve months, as at present | 


decided upon, is estimated at from £1,500,000 to 
£2,000,000.— Builder. 





RAILWAY NOTES, 


f 

| At the present time there are in course of con- 
struction, two tunnels beneath the city of Balti- 
more. That of the Baltimore and Potomac Rail- 
road Company will be about 14 miles lor the 


1s: 


5? 


other, by the Union Railroad Company, has for | 


its object the connection of all the roads with 
tide-water, and also to afford a passage around the 
city by steam-power, thus dispensing with the 


hauling of goods and passengers through the | 


streets with horses. 

The Union tunnel is being constructed under 
the bed of Hoffman street, which runs east and 
west. From facade to facade it is 3,400 ft. long. 
It is formed of a semicircular arch of five brick 
rings, and an invert of four bricks. In 
places, where a good rock bottom exists, the in- 
vert is dispensed with. 

About 450 men and 90 horses are engaged on 
the work. The material, which is mostly sand, 
is excavated to the whole depth of the cut; th 
arch is then built and the material replaced over 
it. The tunnel, with the exception of about 360 
ft. which is being drifted, is worked in this way: 

About one-third of the arch is finished at the 
present time (July 22d:, and the whole tunnel is 
expected to be finished and ready for trains by 
next January. 

The arch is being built in sections of 50 ft. in 
length, and these sections are being constructed at 
five or six points simultaneously.—Franklin 


Journal. 

| ie “Comprom DES HovuiLLEes.”—The imper- 
fections in transport arising from the over 

traffic of the railroads, and the imperfections of 

the system of internal navigation, have for the 

moment been somewhat improved; but another 





some 





” 


and still more serious matter is anticipated, arising ‘ 


‘HE UNION RarmRoAp Company's TUNNEL.— 


| development of the production of coal, and to 
establish means of cheap transport. This com- 
pany, the establishment of which has been: encour- 
aged by many important manufacturers, will seek 
to obtain this double result by the following means. 
| It will offer to the concessionaires of mines the 
| means of developing their concessions; it will ob- 
| tain capital for the working of mines which require 
| assistance to develop their resources; and it will 
establish a special mineral rolling stock of its own 
for running over the existing railways. Asacom- 
| mencement, the company starts with £60,000 capi- 
tal, but it has powers to increase to £400,000. The 
| spirit of this undertaking is most praiseworthy, and 
it is one amongst many others now being estab- 
| lished in France to assist and to develop her spirit of 
enterprise. 


JAILWAY IN Eoypt.—The staff of surveyors and 
assistants, nearly thirty in number, taken out 
by Mr. John Fowler, C. E., to make a survey for 
a railway in the Valley of the Nile, have returned, 
after having successfully completed their work. 
The line surveyed is about 600 miles in length 
| and commences at Wady Kalfah, near the second 
cataract, and terminates at Khartum, where the 
Blue and the White Nile unite their waters, above 
the sixth cataract. For nearly three-fourths of 
| its length the line will be on the edge of the Val- 
ley of the Nile, about three-fourths of a mile from 
the river, and constructed above the level of the 
periodical inundations. At the commencement ot 
the great bend, between 18 deg. and 16 deg. nortt 
latitude, the railway will leave the valley, and 
proceed by a direct line across the desert of Bayuda 
to a point near the sixth cataract, whence it will 
|foliow the valley southwards to Khartum, tl 


tiie 
intended terminus for a time. 

} gore RAILWAY SERVICE TO SCOTLAND.— 
The Great Northern Railway, competing for the 
Scotch traffic, are about to put on a new service of 
trains by which London will for the first time be 
brought to 9} hours of the Scottish metropolis. These 
trains will carry first and second class passengers 
only, and Jeaving King’s-cross at 10.0 A. M., will 
arrive in Edinburgh at 7.30 P. M., and Glasgow at 
9.0 r.m., two hours earlier than by either of the 
competing routes. This important saving of tim: 
will be chiefly accomplished by a reduction in the 
number of stoppages, which it is intended to limit 
to Peterborough, Grantham, York, Neweastle, and 
Berwick-upon-Tweed. The new service will com- 
mence on Saturday, the 1st of June, and no inter- 
ruption will oceur in the existing ordinary traffic 
beyond a delay of ten minutes in the departure o 

the train now leaving King’s-cross at 10 o clock. 
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from the fact that the ditference between the coal | 


production and consumption in France is 50 per 
cent. In order to mitigate this double evil—the 
want of coal and the insufficiency of transport— 
30,000 wagons must be established, and an addi- 
tional supply of 25,000,600 tons of coal must be 
found within the next five years. Now it is to be 
feared that neither England, nor Prussia, nor Bel- 
gium will be in a condition to furnish this quan- 
tity. Itisfrom France itself, indeed, that the 





additional supply must be drawn. 

It is upon this basis that a new company has 
just been established in Paris, called the ‘ Comp- 
toir des Houilles,” which has for its object the 





ENGINEERING STRUCTURES. 

ge ALS.—While the greater part of the inland 
carrying trade is being performed by railroads, 

and their development occupies the principal at- 
tention of parties engaged in that business, ca- 
nals do not seem to be entirely forgotten. Ever 
| since the commencement of the Suez canal we have 
been assured by eminent engineers (chiefly Eng- 
| lish) that it would be a failure. It has been sug- 
| gested that these prophecies were not entirely dis- 
H 
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: | 
interested, that under them lurked a desire on the | 


part of the prophets to get a controlling interest 
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| IGHTMOUSES ON THE R1Io DE LA PLATA.—The 
4 following details will be found of interest re- 


in the stock of this “ failure.’ Be this as it may, they | specting the lighthouses which the Count Albert 


have come to grief. The canal is not a failure. 
The report of M. Lesseps, the engineer, has lately 
been made, and from it appear the following facts : 
All the works on the canal proper have been fin- 
ished, and the station or halting place of the Tim- 
sah lake has now been completed. This gives the 
eompany an internal port tor ships to halt in, ete., 
of about fifty acres superficies and 26 ft. 2 in. deep. 
The bed of the canal for one hundred miles from 
Port Said to Suez has everywhere reached the 
depth of 27 ft. 2in. Estimating from the experi- 
ence of the past two years, the annual maintenance 
ef the canal proper will cost 824,000 francs. For 
facing certain of the banks with stone and sundry 
repairs to the dykes and breakwaters at Suez, 56,400 


francs; for the renewal of beacons and mooring | 


posts, 27,600 francs. The facing ofstone will be com- 
pleted in a few years, and then that item will be 
no longer needed. Vessels of upwards of 2,000 
tons burthen have passed through the canal at 
an average speed of about 8 miles per hour, and 
all apprehension of delay from any cause is en- 
tirely dissipated. The largest merchant vessels 
are now freighted to pass through the canal to 
Asia and the East Indies. <A large fleet of new 
iron steamers are now building in England for this 
route. 

A company has been formed in order to join 
Denmark to China by the canal. The Aus- 
trian Government has established a regular line 
between Trieste and India. Italy is going to in- 


crease the steam lines between Genoa and India, | 


and also increase the general Italian traffic in the 
Indian seas. The Russian line between Odessa 
and the far East will definitely resume its voyages; 
and Spain is in constant communication with the 
Philippine islands, through this artery,by a mercan- 
tile fleet carrying the Spanish flag. In view of 
these facts, the canal cannot certainly be called a 
failure, and there is no doubt that the success of 
M. Lesseps has lately stimulated the old project of 
cutting a canal across the Isthmus of Darien, and 
the prospects now are that it will be accomplished. 
The inter-oceanic canal project has received a sud- 
den impetus, and a delegation of Georgians was 
lately in Washington urging upon the President 
and Congress the absolute necessity and feasibility 
of the route and giving reasons why Congress 
should lend it a helping hand. This is a scheme 
of uniting the waters of the Ohio and Mississippi 
to the Atlantic Ocean by the following route: from 
mouth of the Tennessee river, up that stream to 
Guntersville, Ala.; here a narrow neck of land 
separates the Tennessee from the Coosa, a distance 
of about thirty miles; from thence up the Coosa 
to Rome, Ga., and at this point there is no diffi- 
culty in constructing a canal across to the Ocmul- 
gee river, and this will open navigation to the 
Atlantic Ocean. The route has been ascertained 
by recent surveys to be eminently practicable 
and not very expensive, the estimated cost being 
less than twenty millions. The real intention in 
this project, of course, is to benefit the strip of 
country lying between the mouth of the Tennes- 
see and Ocmulgee; as merely to reach the Atlan- 
tic, it would be much cheaper to use the present 
outlet, or cut a canal through to Lake Ponchar- 
train. 


| de Dax is about to have constructed upon the Rio 
| de la Plata. 

| Having arranged for the erection of two light- 
| houses, one on the Cape Saint Marie and the other 
on the English Bank, General Gelly y Obes, who 
is associated with Count de Dax, has offered to the 
Governments of the Argentine Republic, and to 
that of Uruguay, the establisment of a general sy- 
stem of lighting the River dela Plata.The project has 
been approved by these Governments, and the pro- 
tection of the eastern bank will soon be perfected 
by the addition of new lights. 

The houses already erected, or in course of con- 
struction, are those of Saint Marie, the lights of 
which, upon the Fresnel system, have been shown, 
since the 15th of this month, to ships at the em- 
| bouchure of the Grand Rio. 

The pharos on the Isle of Lobos will be finished 
| in1873,and its beam will cross that of the Cape Saint 
| Marie, of the east point, and of the English Bank, 
| which will be constructed, in 1874, upon this dan- 
| gerous reef; this house, with a fixed light of the 
first order, on the Fresnel system, will have a 
| projection of 25 miles. Thisimmense ray of light, 
| which will start from a point 131 ft. above the 
{| water level, will point out the breakers in north 
| and south channels, and will cross with the lights 
on the east point of the Isle de Florés, and of the 
Cerro de Monte Video. 

The breakers, as far as Monte Video, will 
|thus be signalled, thanks to the lights on the 
Isle de Florés, and of the Cerro; and if pilots 
follow the route to Colonia, the course will become 
| safe, by help of the light of Bas-de-la-Panela, at 
| present a floating station, to be changed for a fixed 
| light of the third order, placed in an iron tower 

59 ft. high. All these lighthouses will be con- 
| structed by MM. Sautter and Lemonnier, of Paris, 
| who have already been engaged upon similar 
| works all over the world. 
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nee OF THE “ PENNSYLVANIA.”—The follow- 

ing are the principal dimensions of the steam- 
ship Pennsylvania, the first ship of the American 
Steamship Company’s Philadelphia and Liverpool 
Line: 

Length over all, 355 ft.; length from forward 
| part of stem to stern-post, 343 ft.; from forward 
| part of stem to propeller, 336 ft.; beam, extreme, 

43 ft.; depth of hold from top of floors to top of 
| spar deck, 32 ft. 6 in.; hold, molded, from spar deck 
| stringer-plate to top of keel, 33 ft. 6 in.; depth of 
| floor-plates, 2 ft.; hold, from top of floors to top of 
| lower deck, 16 ft. 8 in.; from top of lower deck to 
| top of middle deck, 8 ft. 4 in.; from top of middle 

deck to top of spar deck, 7 ft. 6 in.; from top of 
keel to top of spar deck, 34 ft. 6 in. Tonnage, 
| O.M., 3,016; capacity of coal bunkers, 720 tons. 

Cargo space—Middle between decks, 65,101 cubic 

ft., at 40 cubic ft. per ton, 1,627 tons; after hold, 
| 24,107 cubic ft., 602 tons; forward, 42,082 cubic ft., 

1,052 tons; upper between decks, 22,946 cubic ft.. 
| 573 tons; total, 154,236 cubic ft., 3,854 tons. Ca- 


| pacity for a cargo of compressed cotton, at 30 cubic 



































ft. per bale, 5,141 bales. Her draft will not exceed 
20 ft. 6 in. in fresh water, with coal bunkers full, 
and a dead-weight cargo of 1,740 tons (2,240 Ibs.) 
or a measurement cargo of 3,854 tons (40 cubic ft.), 
also a full complement of saloon and steerage pas- 
sengers, officers und crew, all necessary stores and 
outfit on board. Her draft is not to be less than 
19 ft. 6 in. 


The hull and appendages have been built and | 


fitted out in accordance with English Lloyd's Reg- 
ister, in addition to which the main or middle deck 
has under its 4in. yellow pine plank a deck of 5-16 
iron for two-thirds of the length of the vessel, se- 
eurely fastened to the stringer-plates and deck- 
beams. 

Passenger accommodation is provided for 76 in 
the saloon, which will be fitted in a style of ex- 
treme elegance. The steerage will afford ample 
room and comfortable accomodatiop for 854. The 
average contract speed is to be 114nots on an ay- 
erage consumption of 40 tons (2,240 Ibs.) of coal in 
24 hours. 

The Pennsylvania is brig-rigged, with masts 54 
and 58 ft. above spar deck, with topmasts 31, 16 
and 10 ft.; yards, 63, 47 and 34 ft. All the stand- 
ing rigging is of wire, of proper size; running 
rig of manilla, fitted with all suitable sails and 
tackling necessary for the North Atlantic service. 

The materials entering into the construction of 
hull, boilers and engines, the joiner-work and out- 
fit, is, as far as possible, of American manufacture. 


—Nautical Gazette. 
~ STEAM SHIPBUILDING ON THE CLYDE.— 
The really commercial introduction of steam 
navigation in Europe was due to Mr. Henry Bell, 
of Helensburgh, who, on the 18th of January, 1812, 
completed the Comet. We are indebted to Cap- 
tain Ericsson for the first complete screw steamer, 
which he accomplished in 1837. The first steamer 
built of iron on the Clyde was the Aglaia, which 
was launched in the year 1827,and which plied on 
the Loch Eck, en route to Inverary. The Fairy 
Queen, of 39 tons, was the first iron steamer, which 
plied on the Clyde in 1851. This vessel was con- 
structed at the Canal Basin Foundry—a mile and 
half from the harbor of Glasgow—and launched 
into the Clyde. She was propelled by an oscillat- 
ing engine, probably the first application of this 
form of engine to marine purposes. The first iron 
screw steamer was the Fire Queen, of 135 tons and 
80 horse power, built in 1845. The first steamer 
which plied between Glasgow and New York was 
the City of Glasgow. The Royal Sovereign—of 
447 tons—built in 1859, was the first paddle steam- 
er of iron which plied between Glasgow and Liv- 
erpool. An iron sailing vessel, built in 1842, plied 
between Glasgow and Rotterdam via the Forth and 
Clyde Canal. As an illustration of our day of 
small things in shipping, it is stated the arrivals 
of vessels at the Broomielaw for the month of July, 
1767, of which there were 22 in all, were as follows: 
six vessels of 2 tons each, five of 10 tons, four of 


15 tons, two of 18 tons, one of 25 tons, and three | 


of 35 tons—in all, 318 tons. The revenue of 
Clyde Trust, for river and harbor dues, in the same 
year, was £1,975, while for 1871 it amounted to 
£164,188. The Customs revenue collected at Glas- 
gow for 1787 was £370, while, for the past ten 
years, it had averaged over a million for each year. 
From the year 1812 to 1822, inclusive, there were 
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built on the Clyde 48 steamers, the hulls being cf 
wood. Of these the Dumbarton Castle—of ¢1 
tons and 32 horse-power—was built in 1815; and 
was the first to attempt to extend the trip to 
Rothesay. ‘The trip was successful; and was con- 
sidered so extraordinary a feat that the captain 
(James Jdhnston) was presented with an elegantly 
polished, painted, and gilt punch-bowl, in com- 
memoration of the event. The Britannia 
tons and 28 horse-power—-was built in 1815; and 
made a pleasure excursion to the Giant’s Causeway 
and Londonderry, which, at the time, was consid- 
ered a great risk. But, being successful, it led to 
the trade with Londonderry. The Rob Roy, built 
by Mr. D. Napier in 1818, of 56 tons and of 30 
horse-power, was the first seagoing steamer in 
Europe; it was at once put on the station between 


re 
ie 





| Glasgow and Belfast, and proved very successful. 


—Hnzpt wer. 


BOOK NOTICES, 


: ie STRACNS IN Trusses COMPUTED BY MEANS 
or DiaGrams. By F. A. RANKEN, M. A. 
London: Longmans. For sale by Van Nostrand. 

The system of exhibiting by means of diagrams 
the relative strains to which the several parts of a 
piece of framework are subjected when the whole 
is loaded with a weight, was propounded a few 
years ago by Professor Clerk Maxwell. This 
work will greatly aid those unacquainted with 
the method, in applying it to various kinds of 
structures, such as trussed roofs and bridges. The 
author makes no claim to be the inventor of the 
system, but only “to set in a clear light the the- 
ory and method of computing by diagrams the 
strains in trusses bearing a constant load,” so that 
“it may be found intelligible even by those who 
have no previous knowledge of statics.” He com- 
mences his treatise with an explanation of the 
mode in which forces are considered in statics, the 
principle of resultants and components, together 
with the parallelogram. The author has omitted 
to demonstrate the steps by which the principles 
enunciated can be reduced to the system of stress 
diagrams for triangular or polygonal trusses. 

After giving several examples of the balancing 
of three forces to familiarize the student with the 
method of forming diagrams, he procecds with the 
application to the ordinary forms of roof trusses, 
beginning with the king-post truss, and proceed- 
ing with more elaborate combinations of frame- 
work, Taking 12 to represent the load sustained 
by each truss, he finds by means of the diagram 
what portion of that quantity is borne by each 
part, and whether the strain is tensile or compres- 
sive; he assumes that, if a continuous beam is 
loaded uniformly, and supported in the centre as 
well as at each end, the weight borne by the mid- 
dle prop is twice the weight supported by each 
of the abutments, and when there are two equi- 
distant props that each has one-third of the load 
to carry, the two abutments carrying the other 
third between them, and so on. 

In the examples given in the treatise the strain 
on the king or queen post from the weight of the 
tie-beam is omitted ‘for simplicity ;” but if there 
is a ceiling to be supported by the tie-beam this 
would produce one of the most important strains 
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which the truss would have to bear, and ought not 
in any case to be neglected, the chief business of 
the king or queen post being to prevent the sag- 
ging of the tie-beam. 

The 
tant of the strains which a roof-truss has to sus- 
tain, and this is taken by Mr. Ranken in all the 
examples as a dead weight acting equally on both 
sides of the roof at the same time; except, how- 
ever, in roofs of very low pitch, this would lead to 
very inaccurate results, as the force of the wind is al- 
most always sustained by one side much more than 
the other, so as to produce a racking strain upon 
the framework; to counteract which the timbers 
must be made much stronger than if they had 
only to sustain a uniform vertical weight acting 
on both sides alike. The stress diagrams ought, 
therefore, to be always drawn on the hypothesis 
of the wind being at right-angles to one surface 
of the roof, and the figures will then have a very 
different appearance to those given by the author. 

A considerable number of examples are fully 
worked out for the frameworks of girder bridges 
as well as of roofs, by mastering which, the stu- 
dent will find that he has acquired great facility 
in the application of the principle to practical pur- 
poses without having to trouble himself about al- 
gebraical or trigonometrical formulas; these lat- 
ter, however, cannot be dispensed with in consid- 
ering trusses exposed to the action of a travelling 
load, as in railway bridges, to which this system 
of diagrams is hardly applicable. In applying the 
method to practical uses, care should always be 
taken to ascertain the exact mode in which the 
strains to be supported are applied, as otherwise 
very erroneous results will be obtained, by which 
the system may get into disrepute, whereas the 
mode of using it is really in fault. 

The system of computing strains in trusses by 
means of diagrams has hitherto been too little 
known or practised by engineers, and the present 
work, although not so accurate as might have 
been desired, will do good service for the profes- 
son by showing how easy it is in application after 
a little practice.—Duilder. 


RON AS A MATERIAL OF CONSTRUCTION: 
HANDBOOK FOR THE Use OF 
ENGINEERING.—By WILLIAM PoLe, FU 
C.E., ete. London: E. and F. N. Spon, Charing 
Cross. For sale by Van Nostrand. 

The constantly increasing application of iron to 
constructive purposes attaches importance to every 
effort made to enable the enginecring student to 
become acquainted with the leading properties of 
the material, and the most ready means of ascer- 
taining its quality and valne for any particular use 
to which it is to be applied ; and since the volume 
just issued under this title comprises the substance 
of a course of lectures, delivered by Professor 
Pole, F.R.S., at the Royal School of Naval Archi- 
tecture, South Kensington, revised and enlarged 
to form a handbook for the use of students in en- 
gineering, its practical value will be readily esti- 
mated. The Professor very truly remarks that it is 
questionable whether the substitution of iron for 
stone, brick, etc., as a material of construction, is 
not being carried too far, and whether the new 
perishable substance is not frequently adopted for 
the sake of cheapness or facility of construction in 
eases where the more durable but less tractable 
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effect of the wind is by far the most impor- | 
| himself to practical facts almost exclusively, hav- 








| those branches of knowledge with 


| 
| 


material, stone, would be more appropriate, more 
noble, and more worthy of the profession ; but as 
iron is now the favorite material, the chief con- 
sideration is how to use it most advantageously. 
In the present volume Prof. Pole has confined 


ing only introduced such theoretical matter as is 
necessary to explain the bearing of the facts given 
and to guide their practical application. 

Referring to the manufacture of pig iron, he 
supplies an outline of the operations which go on 
in the blast-furnace, and in some cases furnishes 
the French or German equivalents for the English 
technical terms ; for instance, he suggests that the 
name doses is probably a corruption of the Ger- 
man bauch, and that twyauz is the French equival- 
ent for tuycre. He gives a short historical notice 
of some of the prominent inventions connected 
with the iron’ manufacture, and concludes his 
chapter with a few statistics. The production of 
malleable iron is dealt with in the next chapter, 
atter which the Professor treats of the me- 
chanical properties of iron generally. In referring 
to cast iron he affords some very useful informa- 
tion; he tells us that it is not all pig iron that is 
fit for making castings, for pig iron is also used for 
the manufacture of malleable iron, and the qualities 
made for the two purposes are quite distinct from 
each other. The process of melting the pig and 
casting it into the required shapes is called iron 
founding (from the French fondre, to melt), the 
place where it is done is an iron foundry, and the 
person who does it is an iron founder. The first 
duty of the founder will be to determine what kind 
of iron he will use to make his castings, and in this 
he will be guided by the nature of the object to be 
made, and the purposes it is toserve. He devotes 
a chapter to the general properties of wrought iron, 
so that the engineer who carefully studies the book 
will be well able to comprehend the process by 
which iron is manufactured, and the method by 
which its strength is usually tested. Prot. Pole 
states that he claims no originality or novelty in the 
scientific treatment of the subject, and that the 
experimental data are due to the various authori- 
ties whose names are attached to them; conse- 
quently, the engineering student who consults the 
book may place complete reliance upon the facts 
given. Regarding the book as a whole, it cannot 
be questioned that Prof. Pole has brought together 
a large amount of information in the volume itself, 
and by his judicious reference to authorities he 
has atforded the utmost facilities to those who 
desire to give especial attention to any particular 
branch of the subject. 


or GEOMETRY AND Conic Secrions. Wirn 
\J APPENDICES ON TRANSVERSALS AND HaAk- 
MONIC Division. FOR THE USE OF SCHOOLS. 
—By J. M. Witson, M.A., late Fellow of St. 
John’s College, Cambridge, and Mathematical 
Master of Rugby School. London: Macmillan 
and Co. 1872.—For sale by D. Van Nostrand. 

The study of solid geometry comprises one of 
which even 
those who have received a liberal eduction are but 
very indifferently acquainted. It is exactly one 
of those subjects which are never thoroughly ac- 
quired except by those who have a decided taste 
for mathematical analysis and investigation. It is 
true that boys at school learn by rote some twenty 
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propositions of the ekventh bcok Euclid, and 
are in consequence supposed to 
about solid geometry. The truth is, that they 
really learn nothing, and, were it possible, under- 
stand less. We have often expressed our opinion 
respecting the unsuitability of Euclid’s treatise on 
geometry as a text-book for ordinary students in 
the present age, and shall not, therefore, dwell on 
the subject. There is not the least doubt that the 
use of so obsolete a mode of 
far to prevent the dissemination of a knowledge 
in which, as is well known, our continental neiyh- 
bors are greatly our superiors. This superiority 
abroad is, in all probability, partly cwing to the 
adoption of a more modern, more attractive, and 
more practical method of instruction. At present 
the path of knowledge has been rendered very 
much smoother, and more accessible than formerly, 
and one can scarcely expect a person to select an 
uupleasent road when an agreeable one leading to 
the same goal is equally at his service. 

Our author with a chapter 
“Planes,”and gives clear enunciations and solutions 
of the vzrious problems connected therewith, and 
then proceeds to the different figures which are form- 
ed by their combination. A chapter on “¢ ao 
Sections” brings his useful littie treatise to a clos 
A very valuable feature in the work is the ad 
tion of a series of questions in the shape of “ Exer- 
> to each separate chapter. The student, 
after mastering any given rule or proposition, is 
naturally anxious to test his ability to apply what 
he has learned to an example. If none are afforded 
by the text-book he must search for them elsewhere, 
and the result gx 
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New York, upon the question of narrow-gauge 
railways in an: r toa report prepared by Gene- 
P. Buell, chief engineer of the Texas Paci- 
fic Railroad, advocating the adopticn of a3 ft. 6in. 
gauge for a great trunk line of 1,500 miles in 
length. But as this review may be regarded as 


| representative, expressing the opinions of narrow- 


instruction has gone | 


| and edited by WILLIAM CROOKES, F. R ‘ 


adie | 


enerally is that he finds none, ond } 


remains content with a mere theoretical acquaint- | 
ance with the subject—an acquaintance which is | 
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often of a very transitory description. 
tents of this little work are printed 
paper, and altogether it forms a handy cui 
dium of the subject.—Engincer. 
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JAILWAYS OR No Rarways: 
Keonomy with Efficiency 
Costliness with Extravagance. 
FAIRLIE. (London: Effingh 
For sale by Van Nostrand. 

In this well-printed volume of 148 pages, Mr. 
Fairlie undertakes the defence of the modifications 
of the railway system which are associated with 
his name. ‘The merits of the narrow gauge and of 
the Fairlie engine have recently been fully dis- 
cussed ; it would be out of place here to reopen the 
question or to discuss the contents of this volume, 
turther than by stating its general scope and the 
nature of the circumstances which called for its 
appearance, 

The author states, that in India and Australia 
the broad gauge is worse than a mistake. In Eng- 
land it bars true railway progress. “In the 
United States, on the other hand, the case is widely 
different ; opinion finds free vent among the mem- 
bers of the profession, and with the greatest ear- 
nestness, and with'much ability, the merits of both 
sides of the case have been universally discussed ; 
while thousands of miles of narrow-gauge line 
have been commenced, which, when completed, 
will practically and thoroughly decide the now 
much-vexed question.” Mr. Fairlie takes advan- 
tage of the opportunity afforded by the document 
recently published by the Hon. 8. Seymour, of 
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gauge antagonists, our author has it 
thoroughly. 

The question discussed by both is not 
merely a mechanical one, but rather, what width 
of is the kest adapted to admit of such a 
construction of machinery as will more profitably 
overcome the resistance of the line, and that will 
mect the nature and extent of the traftic present 
and prospective. The work is written by a most 
competent authority on a question of vast in- 
terest to engineers » capitalists, ¢ and traders, and 
even to all who have an interest in the presperity 
of the er railwé ay enter} rises of the earth— 
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eon J.& A. Churchill. For sale by Vs 
rand, 

"eh a volume containing some 750 pages, with nu- 
merous illustrations, the methods of preparing and 
working the various metals and their salts by the 
latest improved processes are described under the 
head of metallurgical chemistry, together with 
the application of the voltaic current to electro- 
metallurgy. Manufactures of such importance as 
the prepzration of potash and soda salts, bleach- 
ing-powder, sulphuris acid, and the methods em- 
ployed in recovering all that of value from 
“waste” solutions and ' “rubbish ” heaps, occupy 
prominent places. The menufacture of soap, g 
lime, stoneware, cr ota the technology of vege- 
table fibres, including paper-making, and the arts 
of brewing, distillation, dyeing, and others, all 
will be found explained in a necessarily concise 
yet ample manner. The subj enumerated 
form but a portion of the conients of this book, 
which must be valuable to the manufacturer and 
the student. It has been fully appreciated in 
Germany ; the edition of which the present book 
is the English translation is the eighth, the first 
having been published in 1850. Mr. Crookes has 
edited the work carefully; all the improvements 
introduced since the publication of the German 
edition have been added, and the whole of the for- 
mule, which are molecular throughout, have been 
revised. 
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KEEP IT OUT OF 
M. A., Professor 
Manchester., etc. 
For sale by Van 


CEWER GaAs, AND How To 
J Hovses. By O. REYNOLDs, 
of Engineering, Owens College, 
(London : Maemillan. 1872 
Nostrand. 

The accomplished writer has done a very sensi- 
ble thing. While the principal part of this book 
was written four years ago, it has been kept back 
till the suggestions it contains should have a 
thorough practical trial, and it is now published 
to help people who are in doubt and trouble about 
the drainage of their houses. “ What appears to be 
wanted is a book of approved scientific merit, and 
of such a practical character that a householder or 
any unscientific person can learn from it how to 
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ascertain if drains are safe, and if not, how to get | to retainits shape. Veneers treated in this way, 
them put right. In the absence of such a work, I | and left for twenty-four hours in a hot decoction 
venture to think that this little book will be use- | of log-wood (one part of log-wood to three of 
ful.” decoction), removing them after the lapse of that 

The author's object was to suggest a plan for | time, and, after drying them superficially, putting 
preventing the evil of the back flow of gas into our | them into a hot solution of copperas (one part of 
houses. Of this plan he has had four years’ ex- | copperas to thirty of water), will, after twenty- 
perience ; and has, without exception, found it te | four hours, become beautifully and completely 
answer perfectly. Professor Reynolds is not aware | dyed black. <A solution of one part of picric acid 
that this complete scheme has ever been suggested | in sixty of water, with the addition of so much 
before; but it embodies as its principal features | ammonia as to become perceptible to the nose, 
several plans which are daily growing in favor; | dyes the veneers yellow, which color is not in the 
among which, perhaps, the most important is that | least affected by subsequent varnishing. Coralline 
of having a break or trough in the pipe which con- | dissolved in hot water, to which a little caustic 
nects the house with the sewer. This has now | soda and one-fifth of its volume of soluble glass 
been advocated for several years, though the name | has been added, produces rose colors of different 
of its first proposer seems to be unknown.—JVe-| shades, dependent on the amount of coralline 
chanics’ Magazine. | taken. The only color which veneers will 

| 





take up, without previous treatment of soda, is 
AX ELEMENTARY TREATISE ON CURVE TRAC- | silver gray, produced by soaking them for a day 
ING. By PERCEVAL Frost, M. A., Mathe- in a solution of copperas (one of copperas to one 
matical Lecturer of King’s College. (London: } hundred of water. 
Macmillan & Co. 1872.) For sale by Van Nos- 
trand. — P — ee Cask HArpENING Process.—A resident 
: This is a preliminary treatise on the properties | of Montreal has recently patented in the United 
of curves. The author says he supposes himself to | States a new process of carbonizing wrought-iron 
be instructing a student =e reading has been | apticles. Charcoal, coal dust, oil, bone dust, have 
confined to very narrow limits. Regarded “Seach been used for this purpose; but strangely 
special preparation for a special subject, it may be enough, one of the most highly carbonized eal. 
considered useful in giving clear ideas when the stances, and one most easily accessible to an iron 
student enters upon the systematic treatment of | worker, has been overlooked. This is molten cast 
the properties of curves; especially since the classi- iron, and the inventor prepares a bath of it, having 
fication of curves according to degrees, and the previously eliminated any phosphorus and sulphur 
subdivision of —- of the ae degree into it may contain. Spiegeleisen is especially recom- 
species, are now being taken in hand by some | mended for the purpose; but good malleable iron, 
eminent mathematicians. melted in a cupola with charcoal, anthracite or 
ae a Rahal i: aes bituminous coal, or coke, will serve the purpose. 
| Sapegy ” AMERIC an MECHANIC AL DICTIONA- | Crycibles for melting small quantities, or reverber- 
RY. By Epw Arb H. Knicut. New York: atory furnaces for large masses, may be employed. 
J. B. Ford & Co. ; se : The cast iron readily yields its carbon to the im- 
The first number of this Dictionary is at hand. | wnersed articles, and this element would rapidly 
It is a handsome quarto of 108 pages, and includes | }.,ome exhausted if no means are taken to con- 
a description of tools, instruments, machines, pro- | tinye a supply < aabiie this, Sa miiitien 
cesses and inventions—general technological Vo- | and furnaces are lined with a coating of charcoal 
cabulary. To be illustrated with five thousand en- | powder or of plumbago with which nitrogenous 
in dl oo csent number contains valuatle | matter has been incorporated. Leather or horn 
. eee. shavings will do for this purpose. If the process 
typography and cuts are unexceptionable. were carried out on a large scale, the cast iron from 
which the carbon had been eliminated could be at 
once sent to the rollers and made into bar iron, 
MISCELLANEOUS. another melting being used for a second case hard- 
; — ; ening operation ; and many other changes of detail 
will probably suggest themselves to our practical 
readers. 


YOLORING VENEERS.—Some manufacturers of 
Germany who had been supplied from Paris 
with veneers colored throughout their mass, were 
necessitated by the late war to produce them them- 
selves. Experiments in this direction gave in the C I > pr ‘ 
beginning colors fixed only on the outside, while | of Auckland, and from the trials made it is said 
the inside was untouched, until the veneers were | to be of good quality. The extent of the bed, too, 
soaked for twenty-four hours in a solution of | is thought to be large. At the Bay of Islands 
caustic soda, containing ten per cent. of soda, and | mines water still has the upper hand, and but lit- 
boiled therein for half an hour; after washing | tle coal can be supplied from the mines for some 


N EW ZEALAND CoAL.—Coal has been discovered 
4 at Whangaparona in the north of the province 


them with sufficient water to remove the alkali, | time to come. 
they may be dyed throughout their mass. This 
treatment with soda effects a general disintegra- OPULATION OF BomBay.—The exact popula- 
tion of the wood, whereby it becomes in the moist tion of Bombay on the 21st of February, when 
state elastic and leather-like, and ready to absorb | a census was taken, has been ascertained to be 
the color; it must then, after dyeing, be dried be- | 646,636 persons. This total includes the harbor 
tween sheets of paper, and subjected to pressure, | population. 























INSTRUMENT FOR MEASURING RADIANT HEAT. 
Constructed by CAPTAIN JOHN ERICSSON. 
PAGE 449. 
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